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Description

BACKGROUND OF THE INVENTION

1. Field of Invention

[0001] The field of the present invention relates in gen-
eral to the field of wireless broadcast of information using
one or more multiple access protocols and in particular
to methods and apparatus for implementing spatial mul-
tiplexing in conjunction with the one or more multiple ac-
cess protocols during the broadcast of information.

2. Description of the Related Art

[0002] In wireless broadcast systems, information
generated by a source is transmitted by wireless means
to a plurality of receivers within a particular service area.
The transmission of such information requires a finite
amount of bandwidth, and in current state of the art trans-
mission of information from different sources, must occur
in different channels.
[0003] Since there are quite a few services (e.g. tele-
vision, FM radio, private and public mobile communica-
tions, etc.) competing for a finite amount of available
spectrum, the amount of spectrum which can be allocat-
ed to each channel is severely limited. Innovative means
for using the available spectrum more efficiently are of
great value. In current state of the art systems, such as
cellular telephone or broadcast television, a suitably
modulated signal is transmitted from a single base station
centrally located in the service area or cell and propagat-
ed to receiving stations in the service area surrounding
the transmitter. The information transmission rate
achievable by such broadcast transmission is con-
strained by the allocated bandwidth. Due to attenuation
suffered by signals in wireless propagation, the same
frequency channel can be re-used in a different geo-
graphical service area or cell. Allowable interference lev-
els determine the minimum separation between base sta-
tions using the same channels. What is needed is a way
to improve data transfer speed in the multiple access
environments currently utilized for wireless communica-
tions within the constraints of available bandwidth.
[0004] The article "A taxonomy of Space-Time
Processing for Wireless Networks" by Paulraj et al, IEE
proceedings Radar, Sonar and Navigation, Volume 145,
No. 1, February 1998, pp. 25-31 discusses various ways
of classifying space-time signal processing in terms of
architecture and algorithm. It mentions that subscriber
units with multiple antennas can receive multiple signals
transmitted on the same frequency channel and vice ver-
sa.
[0005] WO-A-98/09381 relates to a high capacity wire-
less communication method. Both a base station and a
subscriber unit have multiple antenna elements. These
are used to transmit/receive signal vectors using complex
valued components. This allows transmission of data in

parallel, increasing the data rate over a single antenna
element system.
[0006] Neither document describes implementing spa-
tial multiplexing in wireless networks, such as cellular
networks.

SUMMARY OF THE INVENTION

[0007] According to the present invention, there is pro-
vided a wireless cellular network as defined in appended
claim 1. In various embodiments unique network config-
uration, base stations and remote (subscriber) units are
described. A wide variety of different applications of spa-
tial multiplexing are also described.
[0008] In some embodiments the wireless cellular net-
work includes base stations having spatially separate
transmitters for transmitting in response to control signals
and selected substreams of each subscriber datastream
on an assigned channel of a multiple access protocol.
From the standpoint of the network, the spatially separate
transmitters can be located at a single base station or
may be located on multiple base stations. Logic assigns
an available channel on which to transmit each subscrib-
er datastream. The logic routes at least a substream of
each datastream to at least a selected one of the base
stations. The logic also generates control signals to con-
figure at least a selected one of the base stations to trans-
mit the selected substreams to a corresponding one
among the plurality of subscriber units on the assigned
channel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] These and other features and advantages of
the present invention will become more apparent to-
those skilled in the art from the following detailed descrip-
tion in conjunction with the appended drawings in which:

FIG. 1 shows a wireless cellular network incorporat-
ing spatial multiplexing and multiple access accord-
ing to the current invention.

FIG. 1B is a detailed view of selected cells within the
cellular network shown in FIG. 1A.

FIG. 1C shows a cell architecture that provides over-
lapping regions suitable for multi-base spatial multi-
plexing.

FIGS. 2A-G show alternate embodiments for the
subscriber units utilized in the wireless cellular net-
work shown in FIGS. 1A-B.

FIG. 3A shows a detailed hardware block diagram
of a single base station and subscriber unit for use
in the wireless cellular network shown in FIGS. 1A-B.

FIG. 3B shows a detailed hardware block diagram
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of a single base station and subscriber unit as in Fig.
3A, wherein the subscriber unit interfaces with a local
area network.

FIGS. 4A-J show detailed hardware block diagrams
of the multiple access hardware for controlling the
transmission of subscriber datastream(s) from one
or more of the base stations within the wireless net-
work.

FIGS. 5A-B show detailed hardware block diagrams
of the hardware associated with the receipt of mul-
tiple subscriber datastream(s) at the base stations
of the wireless network of the current invention.

FIG. 6 shows a detailed view of the signals and the
symbols associated with the transmission and re-
ceipt of spatially multiplexed signals according to an
embodiment of the current invention.

FIGS. 7A-B show detailed hardware block diagrams
of the configurable spatial processor associated with
the receiver circuitry receiver, according to an em-
bodiment of the current invention.

FIGS. 7C-D show detailed hardware block diagrams
of a configurable space and space-time processor
associated with the configurable spatial receiver ac-
cording to an embodiment of the current invention.

FIG. 8 shows in-band training and data signals for
calibrating the spatially configurable receiver during
the transmission of spatially multiplexed data, ac-
cording to an embodiment of the current invention.

FIGS. 9A-B are respectively detailed hardware block
diagrams of a spatially multiplexed transmitter and
receiver implementing a time-division multiple ac-
cess protocol (TDMA), according to an embodiment
of the current invention.

FIGS. 10A-B are respectively detailed hardware
block diagrams of a spatially multiplexed transmitter
and receiver implementing a frequency-division mul-
tiple access protocol (FDMA), according to an em-
bodiment of the current invention.

FIGS. 11A-B are respectively detailed hardware
block diagrams of a spatially multiplexed transmitter
and receiver implementing a code-division multiple
access protocol (CDMA), according to an embodi-
ment of the current invention.

FIGS. 12A-B are respectively detailed hardware
block diagrams of a spatially multiplexed transmitter
and receiver implementing a space-division multiple
access protocol (SDMA), according to an embodi-
ment of the current invention.

FIGS. 13A-B are process flow diagrams showing the
acts associated with respectively the spatially multi-
plexed transmission and reception of datastream(s)
in any one of a number of multiple access protocols,
according to an embodiment of the invention.

FIG. 14 is a diagrammatic illustration of a hybrid DSL/
wireless link that incorporates a spatially multiplexed
remote wireless device.

FIG. 15 is a diagrammatic illustration of a hybrid ca-
ble/wireless link that incorporates a spatially multi-
plexed remote wireless device in a network access
unit.

FIG. 16 is a diagrammatic illustration of a repeater
BTS that utilizes a spatially multiplexed remote wire-
less device.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0010] A method and apparatus is disclosed which al-
lows for both spatial multiplexed and non-spatial wireless
communications between portable units and correspond-
ing selected ones among a plurality of base stations. The
methods and apparatus of the current invention may be
implemented on a dedicated wireless infrastructure or
may be superimposed on existing wireless communica-
tions systems, such as cellular telephone and paging
services, which are currently in place around the world.
The methods and apparatus include implementation in
any of a number of multiple access protocols.

Spatial Multiplexing and Multiple Access

[0011] Spatial multiplexing (SM) is a transmission
technology which exploits multiple antennas at both the
base station(s) and at the subscriber units to increase
the bit rate in a wireless radio link with no additional power
or bandwidth consumption. Under certain conditions,
spatial multiplexing offers a linear increase in spectrum
efficiency with the number of antennas. Assuming, for
example, N=3 antennas are used at the transmitter and
receiver, the stream of possibly coded information sym-
bols is split into three independent substreams. These
substreams occupy the same channel of a multiple ac-
cess (MA) protocol, the same time slot in a time-division
multiple access (TDMA) protocol, the same frequency
slot in frequency-division multiple access (FDMA) proto-
col, the same code/key sequence in code-division mul-
tiple access (CDMA) protocol or the same spatial target
location in space-division multiple access (SDMA) pro-
tocol. The substreams are applied separately to the N
transmit antennas and launched into the radio channel.
Due to the presence of various scattering objects (build-
ings, cars, hills, etc.) in the environment, each signal ex-
periences multipath propagation. The composite signals
resulting from the transmission are finally captured by an
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array of receive antennas with random phase and am-
plitudes. For every substream the set of N received phas-
es and N received amplitudes constitute its spatial sig-
nature.
[0012] At the receive array, the spatial signature of
each of the N signals is estimated. Based on this infor-
mation, a signal processing technique is then applied to
separate the signals, recover the original substreams and
finally merge the symbols back together. Linear or non-
linear receivers can be used providing a range of per-
formance and complexity trade-offs. A linear spatial mul-
tiplexing receiver can be viewed as a bank of superposed
spatial weighting filters, where every filter aims at extract-
ing one of the multiplexed substreams by spatially nulling
the remaining ones. This assumes, of course, that the
substreams have different signatures.
[0013] If the transmitter is equipped with M antennas,
while the receiver has N antennas, the rate improvement
factor allowed by spatial multiplexing is the minimum of
these two numbers. Additional antennas on the transmit
or receive side are then used for diversity purposes and
further improve the link reliability by improving, for exam-
ple, the signal-to-noise ratio or allowing for smaller fading
margins, etc. Effectively spatial multiplexing allows a
transmitter receiver pair to communicate in parallel
through a single MA channel, hence allowing for a pos-
sible N-fold improvement of the link speed. More im-
provement is actually obtained if we take into account
the diversity gain offered by the multiple antennas (for
instance, in a Raleigh fading channel). Such performance
factors are derived ideally under the assumption that the
spatial signatures of the substreams are truly independ-
ent from each other. In reality, the level of independence
between the signatures will determine the actual link per-
formance. The performance, however, usually exceeds
that obtained by a single antenna at the transmitter and
receiver. For example, at two GHz, assuming the base
station and the subscriber unit are spaced apart by one
mile and using three antennas at each end of the link, a
scattering radius of about 30 feet (both ends) is enough
to achieve maximum performance.
[0014] FIG. 1A shows a plurality of subscriber units
wirelessly coupled over a cellular network to a network
100. Network 100 may include: a local area network
(LAN), a wide area network (WAN), a public switched
telephone network (PSTN), Public Land Mobile Network
(PLMN), an adhoc network, a virtual private network, an
intranet or the internet. The wireless system includes: a
central office (CO) 102, a master switch center (MSC)
106, a ground based relay station 110, satellites (112),
base stations 120, 126 and 132 (BTS) and subscriber
units 156, 138, 144, 150 and 162. The subscriber units
may be mobile, fixed or portable. The base stations may
be fixed or mobile. The base stations may include: a tow-
er, satellites, balloons, planes, etc. The base station may
be located indoors/outdoors. The cellular network in-
cludes one or more base stations, where each base sta-
tion includes one or more spatially separate transmitters.

[0015] The central office 102 is coupled to the network
100. Network 100 may be circuit switched (e.g. point-to-
point) or packet switched network. The central office is
coupled to a master switching center 106. The MSC in
traditional cellular systems is alternately identified as: a
mobile telephone switching office (MTSO) by Bell Labs,
an electronic mobile Xchange (EMX) by Motorola, an
AEX by Ericcson, NEAX by NEC, a switching mobile cent-
er (SMC) and a master mobile center (MMC) by Novatel.
The MSC is coupled via data/control line 108 to the sat-
ellites via relay station 110 and to the base stations. In
an alternate embodiment of the invention, base station
controllers (BSC) may serve as intermediary coupling
points between the MSC and the base stations. In the
embodiment shown, each of the BTS includes an array
of spatially separate antennas for transmission and/or
reception. The BTS may also include traditional antenna
for whichever of the receive/transmit side of its commu-
nication capability lacks spatially separate antenna and
associated circuitry. Antennas of a transmitter/receiver
are defined to be spatially separate if they are capable
of transmitting/receiving spatially separate signals. Phys-
ically separate antenna may be used to transmit/receive
spatially separate signals. Additionally, a single antenna
may be used to transmit/receive spatially separate sig-
nals provided it includes the ability to transmit/receive
orthogonal radiation patterns. Hereinafter, the phrase
"spatially separate" shall be understood to include any
antenna or transmitter or receiver capable of communi-
cating spatially separate signals. The base stations are
configured to communicate with subscriber units of a tra-
ditional type, i.e. those lacking either spatially separate
transmission/reception as well as spatially enabled sub-
scriber units, i.e. those including either or both spatially
separate reception and transmission capabilities.
[0016] In operation, distinct subscriber datastream(s)
170, 176 and 182 are received by CO 102. The CO per-
forms the initial routing of the data streams to the appro-
priate one of a plurality of MSCs which may be located
across the country. The MSC performs several functions.
It controls the switching between the PSTN or network
100 and the BTSs for all wireline-to-subscriber, subscrib-
er-to-wireline and subscriber-to-subscriber calls. It proc-
esses/logic data received from BTSs concerning sub-
scriber unit status, diagnostic data and bill compiling in-
formation. In an embodiment of the invention, the MSC
communicates with the base stations and/or satellites
with a datalink using the X.25 protocol or IP protocol. The
MSC also implements a portion of the spatial multiplexing
and multiple access processes/logic (SM_MA) 104B of
the current invention. Each BTS operates under the di-
rection of the MSC. The BTS and satellites 112 manage
the channels at the site, supervise calls, turn the trans-
mitter/receiver on/off, inject data onto the control and us-
er channels and perform diagnostic tests on the cell-site
equipment. Each BTS and satellite also implement a por-
tion of the SM_MA processes/logic 104C. The subscriber
units may be both traditional and spatially enabled and
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may still communicate over the system. Those subscriber
units that are spatially enabled on either/both the trans-
mit/receive side of communications implement SM_MA
processes/logic 104D as well.
[0017] The SM_MA processes/logic allow high bit rate
communications with any of the SM_MA enabled sub-
scriber units within existing bandwidth constraints and
within any of the multiple access (MA) protocols common
to wireless communications or combinations thereof.
Those MA protocols include: time-division multiple ac-
cess (TDMA), frequency-division multiple access (FD-
MA), code-division multiple access (CDMA), space-divi-
sion multiple access (SDMA) and many other multiple
access protocols known to those skilled in the art. The
SM_MA processes/logic include the ability to selectively
allocate spatially separate downlink or uplink capability
to any spatially enabled subscriber within a multiple ac-
cess environment. This capability allows, as to that sub-
scriber, the elevation of bit rates well above those cur-
rently available. Thus, a whole new range of subscribers
can be anticipated to take advantage of this capability.
Utilizing this invention, it will be possible to provide a wire-
less medium for connecting workstations, servers and
tele-video conferences using the existing cellular infra-
structure with the adaptations provided by this invention.
The SM_MA processes/logic involve splitting subscriber
datastream(s) destined for spatial multiplexing into sub-
streams and intelligently routing and re-routing the sub-
streams during a call session so as to maintain consistent
quality of service (QoS). The substreams are communi-
cated on the same channel using the same access pro-
tocol, thus not requiring additional resources or band-
width to implement. The processes/logic include: access
protocol assignment, channel assignment, monitoring of
spatial separation, determination/re-determination of
spatial signatures for each communication link, rout-
ing/re-routing between single-BTS and multi-BTS, hand-
off and control of substream parsing/combining.
[0018] In FIG. 1A, datastream(s) 170, 176 and 182 are
shown originating on network 100. The SM_MA process-
es/logic 104 have parsed and routed subscriber data
stream 170 into substreams 172-174, which are trans-
mitted on a single channel of a multiple access protocol
over the spatially separate antenna 134-136 of BTS 132.
Subscriber unit 138, via spatially separate antenna
140-142, receives composite signals 172-174 resulting
from the substream transmission and utilizing SM_MA
processes/logic 104D, derives the substream and origi-
nal datastream 170 therefrom. In the embodiment shown,
the data is delivered to the computer 190 to which the
fixed subscriber desktop unit 138 is coupled. The cellular
environment may also be implemented utilizing aerial
equivalents of the base stations. In the embodiment
shown, a plurality of satellites 112 generally deliver sub-
scriber datastream(s) via spatially separate antennae on
each of the satellites to a cellular network, i.e. 114.
[0019] In a circuit-switched embodiment of the inven-
tion, a call over a cellular network may require using two

channels simultaneously; one called the user channel
and one called the control channel. The BTS(s) transmit
and receive on what is called a forward/downlink control
channel and the forward/downlink voice/data channel
and the subscriber unit transmit/receive on the reverse/
uplink control and voice/data channels. Completing a call
within a cellular radio system is quite similar to the PSTN.
When a subscriber unit is first turned on, it performs a
series of startup procedures and then samples the re-
ceived signal strength on all user channels. The unit au-
tomatically tunes to the channel with the strongest re-
ceive signal strength and synchronizes to the control data
transmitted by the BTS(s). The subscriber unit interprets
the data and continues monitoring the controlled chan-
nels. The subscriber unit automatically re-scans period-
ically to ensure that it is using the best control channel.
Within a cellular system, calls can take place between a
wireline party and a subscriber unit or between two sub-
scriber units. For wireline-to-subscriber unit calls, the
MSC receives a call from either a wireline party or in the
form of a call setup packet from the network 100. The
MSC determines whether the subscriber unit to which
the call is destined is on/off hook. If the subscriber unit
is available, the MSC directs the appropriate BTS to page
the subscriber unit. The subscriber unit responds to the
BTS indicating its availability and spatial multiplexing ca-
pabilities, receive and/or transmit. Following the page re-
sponse from the subscriber unit, the MSC/BTS switch
assigns an idle channel, configures spatial processing
capability on both the subscriber unit and BTS(s) if ap-
propriate, and instructs the subscriber unit to tune to that
channel. The subscriber unit sends a verification of chan-
nel tuning to the BTS(s) and then sends an audible call
progress tone to the subscriber I/O unit causing it to ring.
The switch terminates the call progress tone when it re-
ceives positive indication the subscriber has answered
and the conversation or communication has begun.
[0020] Calls between two subscriber units are also
possible in the cellular radio system. To originate a call
to another subscriber unit, the calling party enters the
called number into the unit’s memory via the touch pad
and then presses the send key. The MSC receives the
caller’s identification number and the called number then
determines if the called unit is free to receive the call.
The MSC switch sends a page command to all base sta-
tions and the called party, who may be anywhere in the
service area, receives the page. The MSC determines
the spatial multiplexing capability of both subscribers.
Following a positive page from the called party, the switch
assigns each party an idle user channel and instructs
each party to tune into that respective channel. Then the
called party’s phone rings. When the system receives
notice the called party has answered the phone, the
switch terminates the call progress tone and a commu-
nication can begin between two subscriber units. If spatial
multiplexing is enabled, the communication link will in-
clude that capability.
[0021] One of the most important features of the cel-
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lular system is its ability to transfer calls that are already
in progress from one cell site/base station to another as
a subscriber unit moves from cell to cell or coverage area
to coverage area within the cellular network. This transfer
process is called a handoff. Computers at the BTS trans-
fer calls from cell to cell with minimal disruption and no
degradation in quality of transmission. The handoff de-
cision algorithm is based on variations in signal strength.
When a call is in progress, the MSC monitors the received
signal strength of each user channel. If the signal level
on an occupied channel drops below a predetermined
threshold for more than a given time interval, the switch
performs a handoff provided there is a vacant channel.
In a traditional non-SM cellular system a traditional hand-
off involves switching the transmission point of a sub-
scriber session (datastream) from one BTS to another.
In the current invention various types of handoff, e.g. par-
tial and full may take place. The handoff operation may
involve the MSC re-routing the call and the entire datast-
ream or selected substreams thereof to different anten-
nas of the same BTS or to a new BTS/BTSs in whole or
in part. Where the re-routing is partial, at least one sub-
stream communication path is left unchanged while other
of the substreams are re-routed to antennas on another
BTSs. Where the handoff is full the multiple substreams
transmitted from one or more BTSs are re-routed to other
BTS(s).
[0022] In an embodiment of the invention utilizing a
packet switched architecture, call setup may be imple-
mented using protocols including: ALOHA, slotted-ALO-
HA, carrier sense multiple access (CSMA), TDMA, FD-
MA, CDMA, SDMA, etc., or any combination thereof.
[0023] BTS 132, in the embodiment shown, includes
spatially separate antenna array. There may be any
number of antennas. In some spatial environments, baud
rates for spatially multiplexed communications on a sin-
gle channel will increase linearly with the number of an-
tennas allocated by subscriber unit and BTSs to a call
session. In the embodiment shown, each BTSs array in-
cludes at least two antennas 134 and 136. The BTS may
include either or both spatial multiplexing capability on
the downlink (transmit) or uplink (receive) side. In the
embodiment shown, each BTS includes spatial multi-
plexing capability on both the downlink and uplink. Al-
though each of the following embodiments utilizes two
antennas to implement SM, any number of antennas on
a single BTS or multiple BTSs may be utilized without
departing from the scope of the invention.
[0024] FIG. 1B shows a more detailed view of the BTS
and subscriber units shown in FIG. 1A. Each BTS in-
cludes two spatially separate antennas. BTS 120 in-
cludes antennas 122-124. BTS 126 includes antennas
128-130. BTS 132 includes antennas 134-136. In the em-
bodiment shown, many of the subscriber units also in-
clude at least two spatially separate antennas. Subscrib-
er unit 150 includes spatially separate antennas 152-154.
In the embodiment shown, the MSC handles the routing
of subscriber datastream(s) 170, 176 and 182 from net-

work 100 to the appropriate BTSs for transmission to the
appropriate subscriber unit. In an embodiment of the in-
vention, the SM_MA processes/logic include the ability
to determine whether to implement or not implement spa-
tial multiplexing (SM), based on either the presence/ab-
sence of SM capabilities in the corresponding subscriber
unit and/or on the nature of the datastream. If, for exam-
ple, the subscriber lacks SM capability on either or both
the uplink/downlink, then the corresponding datastream
will not be parsed into substreams. Alternately, even if
the subscriber unit and BTS have SM capability on both
downlink and uplink, certain types of datastream(s) may
not require SM processing. Examples of these might in-
clude: traditional voice call sessions, call sessions which
require only low QoS or datastream(s) which require only
very low bit rates or are susceptible to buffering and de-
layed transmission.
[0025] In the example shown in FIG. 1B, datastream
182 is traditional mode traffic, e.g. a subscriber telephone
call between an upstream subscriber and the subscriber
unit 144. Subscriber unit 144 is located within a cell serv-
iced by BTS 132. Under the control of MSC 106, the
datastream 182 is transmitted over signal line 108 directly
to the corresponding base station 132 without being split
or parsed into associated substreams. In the example
shown, datastream(s)182 is transmitted from a single an-
tenna, e.g. antenna 134, without any SM techniques.
That transmission is received by the subscriber unit 144.
As discussed above, subscriber unit 144 may be a tra-
ditional cell phone lacking SM capability. Alternately, sub-
scriber unit 144 may be SM enabled but, nevertheless,
receives the call in traditional mode after appropriately
configuring itself to opt out of SM receive side processes/
logic, electing instead traditional mode.
[0026] In the example shown, datastream(s) 170 is
handled using SM_MA processes/logic 104_. The da-
tastream 170 and/or substreams thereof, depending on
the embodiment, is routed by the MSC to BTS 132. The
processes/logic 104 provide to each antenna 134-136 of
BTS 132 a single substream derived from the original
datastream 170, on a common channel within the appro-
priate access protocol. Those substreams are received
as composite signals by the spatially separate antenna
140-142 (see FIG. 2B) of subscriber unit 138. The sub-
scriber unit 138, utilizing SM-MA processes/logic 104D,
derives the substreams from the composite signals and
combines these into the initially transmitted datastream
(s) 170.
[0027] Datastream(s) 176 is also subject to SM_MA
processes/logic 104_. The datastream 176 and/or sub-
streams thereof, depending on the embodiment, is routed
by the MSC, initially to BTS 132 for single-base trans-
mission to subscriber unit 150. SM-MA processes/logic
implemented collectively at the MSC 106 and BTS 132
result in the splitting/parsing of the datastream(s) 176
into substreams 178-180. Initially those substreams are
received as composite signals by the spatially separate
antenna 152-154 (see FIG. 2C) of subscriber unit 150.
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The subscriber unit 150, utilizing SM_MA processes/log-
ic 104D, derives the substreams from the composite sig-
nals and combines these into the initially transmitted da-
tastream(s) 176.
[0028] Implementing SM or SM_MA communications
between the BTS and the associated subscriber unit may
be either line-of-site (LOS) or multipath. Multipath com-
munications are likely in environments, such as a city,
where buildings and other objects deflect signals trans-
mitted from the BTS many times before their arrival at
the subscriber unit. Under certain conditions, it may be
the case that transmissions originating from spatially sep-
arate antennas of a single BTS may arrive at a subscriber
unit along signal paths which cannot be spatially sepa-
rated by the antenna array on the subscriber unit. Where
this is the case, it may be necessary for the processes/
logic to reconfigure the spatial transmission characteris-
tics of the substreams so that they may be received at
the corresponding portable unit in a manner which is spa-
tially separable. In the example shown, the substreams
180 and 178_S are transmitted initially from a single BTS
132. When a determination is made, either by the BTS
or subscriber unit that separation of the substreams is
not possible, a spatial reconfiguration is initiated by the
spatial multiplexing processes/logic 104. The determina-
tion might, for example, result from the subscriber unit
signaling the BTS or from the BTS determining that the
bit error rate (BER) of the transmission exceeded an ac-
ceptable level. In an alternate embodiment of the inven-
tion in which base and subscriber communicate over a
common channel, the signaling from the subscriber to
the base station(s) for a change of a spatial transmission
configuration is simplified. The BTS may, by analyzing
the received signals, determine that they can not be ad-
equately separated and in response, alter the spatial con-
figuration of the transmissions to the subscriber unit with
which it shares a channel. In the example shown, this
reconfiguration results in a change of spatial configura-
tion to multi-base transmission. Substream 178_M is re-
routed through BTS 120 and specifically antenna 122.
Because subscriber unit 150 is positioned in an area in
which the transmissions from BTS 120 and 132 overlap,
the change in spatial configuration is possible. The in-
creased spatial separation on the transmit side increases
likelihood that the substreams can be spatially separated
by the subscriber unit 150 and its associated SM-MA
processes/logic 104D.
[0029] FIG. 1C shows another embodiment of the cur-
rent invention in which a cell architecture which provides
overlapping regions suitable for multi-base spatial multi-
plexing is shown. As in normal cellular structure, co-chan-
nel interference is avoided by ensuring that cells operat-
ing in the same frequency are spaced apart. In the ex-
ample shown, BTSs 186A-C form an overlapping region
between them in which they are shown in spatially mul-
tiplexed communication with subscriber unit 138. BTSs
186C-E form an overlapping region between them, in
which they are shown in spatially multiplexed communi-

cation with subscriber unit 150A. BTSs 186C, F-G also
form an overlapping region between them, in which they
are shown in spatially multiplexed communication with
subscriber unit 150B. The communications with sub-
scriber units 138, 150A-B are conducted on separate
channels to avoid co-channel interference. Diversity
techniques can be simultaneously implemented. More
distant cells may re-use the same channels provided co-
channel interference is tolerable.
[0030] FIGS. 2A-G show alternate embodiments of
subscriber units which may be either fixed, portable or
mobile. FIG. 2A shows a mobile cellular phone 144 with
a single antenna 146. In an embodiment of the invention,
the single antenna includes the capability of transmitting
and/or receiving spatially separable signals utilizing or-
thogonal di-poles. In an alternate embodiment of the in-
vention, subscriber unit 144 is a traditional cellular phone
which does not have the capability of transmitting/receiv-
ing a spatially separable signal. Either embodiment may
be compatible with the system shown in FIGS. 1A-B, pro-
vided that system includes an embodiment of the inven-
tion with the ability to detect the transceiver capabilities
of the subscriber units and to configure communications
between that unit and the corresponding BTS according-
ly.
[0031] FIG. 2B shows a fixed subscriber unit 138 cou-
pled to a computer 190. In this embodiment, high-speed
data communications between computer 190 and a wire-
less communication network with spatial multiplexing ca-
pabilities is enabled by fixed subscriber unit 138. Fixed
subscriber unit 138 is shown with an antenna array in-
cluding antennas 140-142. In the embodiment shown,
additional antennas are provided. These may be utilized
either for spatial multiplexing or to implement receive/
transmit processing, e.g. diversity techniques, beam
forming, interference cancellation, etc., the latter for the
purpose of improving communication quality and link
budget. The current state of the art requires a minimum
separation between antennas 140-142, i.e. D1 equiva-
lent to 1/2 the carrier wavelength. Further improvements
in signal processing may avoid this requirement.
[0032] FIG. 2C shows a mobile subscriber unit, i.e. a
cellular telephone 150, reconfigured for implementation
of SM or SM MA on either or both of the transmit (uplink)
or receive (downlink) side of its communication with the
BTSs. To this end, the antennas 152-154 are provided.
[0033] FIG. 2D shows a personal digital assistant
(PDA) 200 and associated docking station 202 config-
ured to implement SM or SM MA communications on
either or both the transmit and receive portions of its com-
munications. To this end, the antenna array, which in the
embodiment shown, includes two antennas 204-206 is
provided. An example of personal digital assistants cur-
rently on the market that could be configured to utilize
the current invention is the Palm Pilot ™ product sold by
3Com Corporation.
[0034] FIG. 2E shows a mobile subscriber unit 210 im-
plemented as part of an automobile 216. The antenna

11 12 



EP 1 198 963 B1

8

5

10

15

20

25

30

35

40

45

50

55

array associated with this unit is not shown. The use of
SM or SM_MA wireless communications between vehi-
cles and base stations can provide such benefits as ve-
hicle navigation, routing, and diagnostics.
[0035] FIG. 2F shows a notebook computer 220 con-
figured for SM or SM_MA communication utilizing an an-
tenna array with antennas 222-224 and associated hard-
ware and processes/logic.
[0036] FIG. 2G shows a fixed subscriber unit 138 in-
corporated into a wireless router or bridge 235, which is
coupled to a wired network 240. In this embodiment, the
subscriber unit 138 serves as a high speed wireless con-
nection between the wired network and the wireless com-
munication network. The network 240 can take any suit-
able form including a local area network, a wide area
network, an intranet, etc. It should be appreciated that in
this arrangement, a wireless link is simply being used to
connect two networks and such wireless links can be
used in a wide variety of applications. For example, the
wireless link can be used to provide high speed Internet
access to the network 240. In the embodiment shown,
the fixed subscriber unit 138 is shown as being incorpo-
rated into a router or bridge 235. However, it should be
appreciated that the subscriber unit can readily be incor-
porated into a variety of network components having a
variety of functionalities. For example, the router or
bridge can further include firewall capabilities, etc.
[0037] FIG. 3A is a detailed hardware block diagram
of a subscriber unit 138 and a BTS 132. The BTS 132
includes: a multiple access spatial transmitter 310, a mul-
tiple access spatial receiver 330, a controller module 320
and upstream processes/logic 300, further details of
which are provided in the accompanying FIGS. 4-5. The
subscriber unit 138 includes: a multiple access spatially
configured receiver 380, a multiple access spatially con-
figured transmitter 350 and a control unit 370. The mul-
tiple access spatial transmitter 310 includes: a selector
312, a final transmission stage 316 and optionally may
include transmit processes/logic 314. The final stage
transmitter 316 is coupled to a spatially separate antenna
array which includes antennas 134T-136T.
[0038] In operation, the subscriber datastream(s)
and/or substreams thereof are provided to the selector
312 from the upstream processes/logic 300. Utilizing ei-
ther in band or out of band control signals embodied in
the datastream(s)/substreams themselves or separately
communicated from the SM_MA processes/logic at the
MSC 106 or elsewhere, the selector implements the MA
protocol utilized by the wireless network. That protocol,
as discussed above, may include: TDMA, FDMA, CDMA
or SDMA, for example. The selector places each of the
datastream(s)/substreams on the appropriate channel.
Each of the datastream(s)/substreams are then passed
through the optional transmit processes/logic, in which
any of a number of well-known prior art signal processing
techniques may be implemented to improve the quality
of transmission. These techniques include, but are not
limited to, diversity processing, space coding, space-time

coding, space-frequency coding, and beam forming and
interference canceling. The datastream(s)/substreams
are then passed to the final transmit stage 316. Tradi-
tional mode traffic may be routed by the SM_MA proc-
esses/logic 104 to the appropriate antenna 134T-136T
for transmission. If diversity processing is implemented,
even traditional mode traffic may be transmitted using
multiple antennas. Spatial mode traffic, i.e. the individual
substreams thereof, will be routed to the appropriate one
of the two antennas 134T-136T.
[0039] On the receive side, the subscriber unit SM_
MA configurable receiver 380 includes: receiver first
stage 382, optional receive processes/logic 384, spatial/
space-time processor 386, decoder 388, combiner 390
and I/O module 392. The receiver first stage is coupled
to a spatially separate antenna array, e.g. antennas
140R-142R. Utilizing in/out of band control signals, the
SM_MA configurable receiver 380 of the subscriber unit
138, in the embodiment shown, may be configured for
spatial/traditional mode signal reception on the requisite
channel within the multiple access protocol. In the case
of spatial mode communications, the antenna array, e.g.
antennas 140R-142R, detect downlink composite sig-
nals derived from the spatially separate transmission of
the substreams through antennas 134T-136T. These
composite signals are down converted, demodulated
and sampled by the receiver first stage 382. The com-
posite signals are then passed to the receive processing
module 384 and may be subject to receive side process-
ing if implemented. From the receive processing module,
the composite signals are passed to the spatial processor
386. The spatial/space-time processor via in/out band
control signals is also configured to derive the appropri-
ate number of substreams, i.e. equivalent to the number
transmitted, from the BTS(s). Utilizing logic associated
with space/space-time processing (see FIGS. 7A-D), that
processor, in conjunction with decoder 388, generates
estimated source substreams which are passed to the
combiner 390. The combiner 390 via in/out band control
signals is also configured to combine the substreams into
an estimated subscriber datastream(s) corresponding to
that transmitted from the BTS 132. The datastream(s)
are passed to the I/O module for presentment/delivery
as, e.g., audio, image or data. Where communications
are asymmetric, the uplink may, in an embodiment of the
invention, not include SM capability, leaving that capa-
bility to the downlink alone. This asymmetric capability
may be implemented on either the downlink or the uplink
without departing from the scope of this invention.
[0040] The uplink from the subscriber unit 138 to the
BTS 132 may use the same or different hardware/
firmware/processes/logic to that utilized for the downlink.
In an embodiment of the invention, the uplink is traditional
with no SM_MA capability. In the embodiment shown in
FIG. 3A, the uplink includes both SM and MA processes/
logic. The datastream(s) received by the I/O module 352
are passed to parser 354. In an embodiment of the in-
vention, the parser is configurable to generate a tradi-
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tional datastream or a variable number of substreams
thereof. In another embodiment of the invention, the pars-
er parses all datastream(s) into a fixed number of sub-
streams. Where there are no SM uplink capabilities there
is no parser. In other embodiments of the invention, the
configurable parser also includes a mode detector to de-
termine whether the datastream(s) should be split into
substreams. That determination, as discussed above,
may be based on any number of criteria including, but
not limited to, traditional vs. spatial mode, QoS, bit rate
requirement, feasibility, etc. In such an embodiment,
when the mode detector determines that spatial mode
transmission of the datastream is appropriate, the parser
will split the datastream(s) into a plurality of substreams,
the number of which may itself be configurable. These
substreams are then passed to the selector 356. The
selector responsive to in/out of band control signals im-
plements the appropriate access protocol, including the
placement of the datastream(s) and/or substreams onto
the appropriate channel within that protocol. The datast-
ream(s) and/or substreams thereof are then optionally
passed to transmit processes/logic 358, which may im-
plement any number of well-known prior art signal
processing techniques, including the above discussed
diversity methodology, to improve signal reception. The
substreams and/or datastream(s) are then passed to the
final transmit stage 360 where they are encoded, mod-
ulated, and up-converted for transmission on a single
channel through spatially separate transmit antennas
140T-142T. Composite signals corresponding thereto
are received by antennas 134R-136R of the SM_MA con-
figurable receiver 330 of the BTS.
[0041] As discussed above, where the uplink is asym-
metric, the BTS may not implement or require SM on the
uplink. Nevertheless, in the embodiment shown, the re-
ceiver 330 is SM_MA configurable. The receiver 330 in-
cludes a first stage receiver 332, mobility detector 334,
receive processes/logic 336, spatial/space-time proces-
sor 338 and a decoder 340. The composite signals are
passed by antennas 134 R-136 R to the first stage re-
ceiver. This is configurable to receive the communica-
tions on the appropriate channel within the MA protocol
as determined by SM_MA processes/logic 104. These
composite signals are down-converted/demodulated
and sampled. In an embodiment of the invention, the mo-
bility detector 334 monitors the composite signals for
Doppler shift/spread. Doppler shift/spread of the com-
posite signals correlates with the mobility or lack thereof
of the subscriber unit. The absence of a Doppler shift/
spread indicates that the subscriber unit is fixed. This
determination on the part of the mobility detector may be
used to initiate one or more of the following processes/
logic: spatial reconfiguration, training/retraining of the
spatial/space-time processors and/or handoff. In an em-
bodiment of the invention in which non-blind in band train-
ing is implemented, training/retraining may include var-
ying the training interval or duration or selection of a dif-
ferent training sequence. The composite signals are then

passed to the optional receiver processes/logic 336.
These processes/logic, as described above, may include
any of a number of well-known techniques including di-
versity processing. The composite signals are then
passed to the configurable space/space-time processor
338. Utilizing in/out of band control signals from the MSC
and/or the subscriber unit, the space/space-time proces-
sor configures itself to generate a number of substreams
or a single datastream(s) equivalent to those transmitted
from the corresponding subscriber unit. These estimated
subscriber substreams/datastream(s) are then passed
to the decoder 340. The decoder decodes the symbols
to their corresponding binary equivalent. The datastream
(s) and/or substreams are then passed to upstream proc-
esses/logic 300.
[0042] Both the subscriber unit 138 and the BTS 132
are shown to include respectively control modules 370
and 320. These control modules implement a subset of
the control processes/logic 104 required to implement
the SM MA processes, such as training of the space/
space-time processors 338 and 386, etc.

Training

[0043] Training refers to the requirement that, in order
to implement a space/space-time processing on the re-
ceive side of whichever link down/up is implementing SM,
it is necessary that the space/space-time processor be
equipped with an appropriate model of the spatial char-
acteristics of the environment in which the signals will be
passed between the subscriber unit and the associated
BTS(s). Different types of training methodology may be
appropriate, depending on whether the subscriber units
are fixed/mobile, and if mobile, depending on the speed
at which they are moving. Where a subscriber unit is
fixed, training may be accomplished on installation of the
unit, at setup of a call or during a call session. Where a
subscriber unit is mobile, training/retraining must take
place continuously or intermittently. Training for a fixed
subscriber unit may take place intermittently as well, al-
though generally at a lower frequency than that associ-
ated with a mobile subscriber unit.
[0044] Training is generally categorized as blind or
non-blind. Training is non-blind when it is incorporated
intermittently/continuously using in/out of band training
signals, e.g. known sequences such as Walsh codes,
transmitted between subscriber unit and BTS(s). Train-
ing is blind when it takes place without such signals, re-
lying instead on non-Gaussianity, CM, FA, cyclostation-
arity or the spatial structure, such as the array manifold.
The performance of blind methods will, of course, be sen-
sitive to the validity of structural properties assumed. An
excellent reference on the subject, which is incorporated
herein by reference as if fully set forth herein, is found
in: "Space-Time Processing for Wireless Communica-
tions", Arogyaswami J. Paulraj and Papadias, IEEE Sig-
nal Processing Magazine, November 1997, at pages
49-83. In an embodiment of the invention, non-blind train-
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ing methods are utilized to configure the space/space-
time processors. Further details on the space/space-time
processor will be provided in the following FIGS. 7A-D
and accompanying text.
[0045] Control module 320 includes: processor 324,
clock 326, training module 328 and memory 322 for the
storage of weights/parameters for the space/space-time
processor 338. Control module 370 in the subscriber unit
138 includes: processor 374, clock 376, training module
378 and memory 372 for the storage of weights/param-
eters for the space/space-time processor 386. In the em-
bodiment of the invention shown in FIG. 3, the CPU im-
plements the training portion of the control processes/
logic 104. In alternate embodiments of the invention, the
CPU may be utilized to implement other of the control
processes/logic. In still other embodiments of the inven-
tion, the training portion of the control processes/logic is
handled upstream at such locations as the MSC or the
CO.
[0046] In an embodiment of the invention which imple-
ments non-blind training, the mobility detector 334 sig-
nals the CPU 324 when a subscriber unit exhibits minimal
Doppler shift/spread, e.g. is fixed. In an embodiment of
the invention, the CPU 324 directs the transmit module
310 to signal subscriber unit 138 at call setup, or at the
start of a call session, to use stored parameters from an
earlier training session or to process a setup training ses-
sion transmitted by the BTS. In another embodiment of
the invention, the CPU may reduce the frequency or du-
ration of a training sequence responsive to a determina-
tion that the Doppler shift/spread is minimal.
[0047] On the BTS side, the training module 328 in-
serts a known training sequence, e.g. Walsh code, into
the downlink transmissions and these are processed by
the CPU 374 of the subscriber unit and weights derived
therefrom which allow the space/space-time processor
386 to separate the training sequence spatially broadcast
from the antenna array of the BTS(s). Similarly, where
the uplink implements SM, the subscriber unit training
module 378 inserts a known training sequence into the
uplink transmissions as well. These are in turn processed
by the CPU 324 and appropriate weights derived there-
from stored in the spatial processor 338 for use with the
uplink communications during the call/data-transfer ses-
sion. Whenever training/re-training takes place, weights
are recalculated and stored for use in subsequent SM
communications.
[0048] Where the mobility detector 334 determines
that the subscriber unit is mobile, an alternate non-blind
training methodology may be implemented. In an em-
bodiment of the invention, that methodology shown in
FIG. 8 involves inserting into in/out of band downlink com-
munications the known training sequence. This allows
updating of the spatial parameters/weights by the corre-
sponding subscriber unit and its space/space-time proc-
essor. This capability allows spatial multiplexing to be
implemented in both a mobile and a fixed environment.
In still another embodiment of the invention, the duration/

frequency at which the training intervals are inserted into
the up/down link communications may be varied depend-
ing on the mobility of the subscriber unit.
[0049] In still another embodiment of the invention,
blind training methods may be implemented. These un-
supervised methods do not need training signals be-
cause they exploit the inherent structure of the commu-
nication signals.
[0050] As will be obvious to those skilled in the art, the
processes/logic 104 and the associated modules/blocks
discussed above and in the following disclosure may be
implemented in hardware, software, firmware or combi-
nations thereof without departing from the teachings of
this invention. They may be implemented on a single chip,
such as a digital signal processor (DSP), or application
specific integrated circuits (ASIC). On the upstream side
(i.e., BTS, MSC, CO, etc.), the SM_MA processes/logic
104 may physically reside in any one or all upstream
units. The processes/logic may be implemented using
master-slave control relationship between CO/MSC and
BTS or peer-to-peer control relationship between BTSs
alone, or distributed control between CO/MSC and BTS.
[0051] FIG. 3B illustrates a detailed hardware block
diagram of a subscriber unit 138 and a BTS 132 similar
to the system described in FIG. 3A. The difference in this
embodiment is that the subscriber unit is connected to a
network 240 and thus the I/O modules 352 and 392 in
the transmitter 350 and receiver 380 respectively are
coupled to the network 240. Of course, the subscriber
unit could readily communicate with any type of network
or network device.
[0052] FIGS. 4A-F show an embodiment of the
BTS/MSC/CO side of the processes/logic 104_ for im-
plementing SM_MA. FIGS. 4A-B and 4D-E show a partial
handoff.
[0053] FIG. 4A shows BTSs 120 and 132 coupled to
MSC 106 and to the associated upstream processes/
logic 300 of processes/logic 104. The BTS 120 is shown
with the associated final transmission stage 316B and
the selector 312B. The BTS 132 is shown coupled to the
final transmission stage 316A and to the selector 312A.
The upstream processes/logic 300 include a detector
400, parser unit 402 and router 420. The parser unit 402
includes a parser module 404 and clock 406 as well as
a stretcher 408 and its clock 410. The MSC 106 is shown
coupled via its data/control line 108 to each of the above-
discussed modules.
[0054] As will be obvious to those skilled in the art, the
coupling between the MSC and each of the above-dis-
cussed hardware and software modules represents a
master/slave embodiment of the current invention. In al-
ternate embodiments of the invention, peer-to-peer con-
trol methodology may be utilized instead. In still another
embodiment of the invention, distributed control method-
ology may be implemented, e.g. each of the above-dis-
cussed modules may contain additional intelligence, suf-
ficient to signal downstream/upstream modules as to the
appropriate configuration to adopt, responsive to the da-
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tastream(s)/substreams being processed, the channel
and access methodology to be utilized.
[0055] Datastream(s) 176 is delivered to mode detec-
tor 400. In this embodiment of the invention, a mode de-
tection is utilized. As discussed above, this module pro-
vides the capability of distinguishing datastream(s). Da-
tastream(s) might, as discussed, be categorized as tra-
ditional vs. spatial, or on the basis of QoS or bit rate re-
quirement. In the embodiment shown, the detector 400
determines that the datastream(s) 176 is destined for
spatial mode processing. Responsive to that determina-
tion, the parser 404 is configured to parse the datastream
(s) 176 into a plurality of the substreams. In the example
shown, the two substreams 450-452 are generated by
the parser. The substreams each contain a portion of the
actual data from the original datastream(s). The function
of the stretcher 408, to which the substreams are passed,
is to effectively lower the baud rate at which the sub-
streams are transmitted. Figuratively, this is accom-
plished by clocks 406 and 410 which are coupled to re-
spectively the parser and the stretcher. Clock 410 oper-
ates at a rate which is a fraction of the rate of clock 406.
The specific fraction is determined by the number of sub-
streams generated by the parser 404. For example, if
parser 404 generates from a single datastream(s) two
substreams, then each of the substreams will be trans-
mitted at a baud rate which is effectively 1/2 that of the
original datastream(s). The stretched substreams are
then passed to the router 420. In an alternate embodi-
ment of the invention, the substreams need not be
stretched, rather buffered and transmitted at the same
baud rate in bursts, if the channel will support the result-
ant communication rate. The router operating, in the em-
bodiment shown, under the control of the MSC 106 sends
the selected substreams 454 and 456 to a single BTS
132 for single-base spatial transmission from each of the
spatially separate antenna of that BTS. Those sub-
streams passed through the selector 312 are injected on
an appropriate channel within the multiple access proto-
col. The channel determination is made by the SM_MA
processes/logic 104 that portion of which may be local-
ized in a master/slave control implementation at the
MSC. The substreams are then passed to the final trans-
mission stage 316A for transmission to the subscriber
unit 150 (see FIG. 6).
[0056] FIG. 4B shows hardware/software modules
identical to those discussed above in connection with
FIG. 4A. The router 420, responsive to a signal from, for
example, the MSC 106 has re-routed one of the sub-
streams to BTS 120. That substream 454 is passed to
the selector 312B associated with BTS 120. The corre-
sponding substream 456 is presented to selector 312A
associated with BTS 132. Under the control of the MSC,
each selector is directed to place the substreams on the
same MA channel on each of the base stations. The final
transmission stages 316A-B of each BTS places the sub-
streams on one antenna of its spatially separate antenna
array for transmission to the subscriber 150. The sub-

scriber 150 is in a location in which the signals from base
stations 120 and 132 overlap. The composite signals 180
and 178_M resulting from the transmission of spatially
distinct subscriber substreams are received with spatially
separable signatures by the subscriber unit 150 which,
as discussed above, is equipped with spatially separate
antennas.
[0057] The determination to move from a single-base
spatial transmission (see FIG. 4A) to multi-base spatial
transmission, as shown in FIG. 4B, may be made as a
result of any one of the number of distinct determination
methods. In the first of these methods, an evaluator por-
tion of either the space/space-time processor 386 or the
decoder 388 of the subscriber unit 138 determines that
an incoming composite signal cannot be spatially sepa-
rated into the required number of substreams. In re-
sponse to this determination, the subscriber unit signals
the BTS that a change of spatial configuration is required.
This signal is processed by the BTS and may be passed
to the MSC 106. In response, the MSC directs the router
and selected BTSs, e.g. BTSs 120 and 132, to prepare
for and transmit the substreams on an assigned channel.
This transition from single-base to multi-base spatial
transmission is handled transparently to the subscriber,
in order to maintain a consistent QoS throughout the
transmission by increasing the spatial separation of the
transmitted substreams.
[0058] FIG. 4C shows an alternate embodiment of the
invention that includes the capability of mode detecting
between, for example, traditional and spatial mode da-
tastreams. Datastream(s) 182 is presented to detector
400 via data/control line 108. The datastream(s) might,
for example, be a traditional subscriber telephone call or
a datastream which has both a low bit rate and QoS re-
quirement. To minimize resources, it may be advanta-
geous for the parser unit 402 to be configurable, so as
not to subject all incoming datastream(s) to parsing or,
if parsed, so as not to parse into a fixed number of sub-
streams. In the embodiment shown, such capability is
implemented. The detector determines that the datast-
ream is traditional mode. That determination may result
in the parser avoiding the parsing of the datastream 182.
The datastream(s) 182 is passed unparsed to the router
420. The router 420 passes the datastream(s) 182 to the
selector 312A of the associated BTS 132. Under the con-
trol of the MSC the selector and the final transmissions
stage 316A inject the datastream(s) 182 on the appro-
priate channel of the appropriate multiple access protocol
and transmit it via a selected one of the antennas, within
the array from which it is received, by subscriber unit 144.
That subscriber unit may be a traditional mobile phone
lacking any spatial transmission characteristics. Alter-
nately, the subscriber unit may be spatially configurable
as well (see FIG. 2A). In this latter case, BTS 132 injects
a control signal to the spatially configurable subscriber
unit 144 and, in particular, to the configurable space/
space-time processor thereof, indicating that the incom-
ing composite signals are to be treated as a single da-
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tastream(s). As will be obvious to those skilled in the art,
traditional mode datastreams including, for example, tra-
ditional voice telephone calls, may be subject to SM.
[0059] As will be obvious to those skilled in the art,
each of the above-discussed datastream(s) 178, 176,
182 may include multiple subscriber sessions, time-divi-
sion multiplexed for example. In this case, all the above-
mentioned methodology may be practiced successively
on each of the subscriber sessions of a single datast-
ream.
[0060] FIG. 4D shows multiple subscriber datastream
(s) presented to the detector 400. Specifically datastream
(s) 176 and 182 are shown. The first of these datastream
(s) is destined for spatial treatment and the second of
these datastream(s) 182 is destined for non-spatial treat-
ment. This determination is made by the mode detector
400 based on criteria including, but not limited to, those
discussed above. The parsing unit 402 is, in this embod-
iment of the invention, configurable to concurrently han-
dle multiple subscriber sessions. Upon receipt of control
information received either directly from the detector 400
or indirectly from the MSC 106, the parsing module 402
performs the following concurrent operations. The tradi-
tional mode datastream(s) 182 is left unparsed and
passed directly to the router 420. The spatial mode da-
tastream(s) 176 is parsed by parser 404 into substreams
450-452. These substreams are stretched in stretcher
408, as discussed above, and passed to router 420. The
router 420, operating under the control of the MSC, for
example, directs each of the datastream(s) and sub-
streams to a single BTS 132 and specifically the associ-
ated selector 312A of that BTS.
[0061] These substreams generated by the parser are
labeled 450-452. The substreams passed by the router
are labeled 454-456. This change in reference number
is meant to indicate that the initial parsing operation may
be accompanied by a lowering of the bit rate or stretching
of the clock on which these substreams are transmitted.
As will be obvious to those skilled in the art, an alternate
methodology for implementing the invention would be to
maintain the same the bit rate, provided it was compatible
with the bandwidth of the wireless channel on which the
transmission was to take place, and to buffer the data
accordingly for transmission in bursts, along with other
similarly processed datastream(s)/substreams.
[0062] Under the direction of the MSC, for example,
the selector 312A and final transmission stage 316A of
BTS 132 transmit the substreams 454-456 on a common
channel and, depending on the access methodology,
may transmit the datastream(s) 182 on the same or an-
other channel. Signal 182 is transmitted from an antenna
of BTS 132 to subscriber unit 144. The individual sub-
streams and the associated signals 180, 178_S of the
spatial mode datastream(s) 176 are transmitted to the
subscriber unit 150.
[0063] FIG. 4E shows an embodiment of the invention
identical to that described and discussed above in con-
nection with FIG. 4D. Router 420 re-routes one of the

substreams 454-456 of the spatially processed datast-
ream(s) 176 to form a multi-base spatial transmission
configuration. That determination to re-route, as dis-
cussed above, may originate either from signals received
from the corresponding one of the subscriber units which
is unable to spatially separate the substreams or alter-
nately may result from a determination by the BTS initially
implementing single-base transmission that the bit error
rate (BER) is unacceptably high. In this example, sub-
scriber unit 144 continues to receive composite datast-
ream(s) 182 from an antenna on BTS 132. The composite
signals received by subscriber 150 now, however, orig-
inate from a multi-base configuration. The substream 454
has been re-routed by router 420 to BTS 120, so the
composite signals 180,178_M originate from BTSs
132,120, respectively.
[0064] As will be obvious to those skilled in the art of
the reference, in single or a multi-base spatial transmis-
sion, discussion to a substream been transmitted from a
single antenna, should not be interpreted as a limitation
on the teachings of this invention. A single substream in
single or multi-base configuration may be transmitted
from more than one antenna, if diversity or beam forming
transmit processes are implemented in addition to spatial
multiplexing.
[0065] FIGS. 4F-J show an alternate embodiment of
the invention in which the router, as described and dis-
cussed above in connection with FIGS. 4A-E, is posi-
tioned upstream of the parsing unit rather than down-
stream of that unit. Consequently, each of the base sta-
tions has associated with it a corresponding parsing unit.
FIGS. 4F-G and FIGS. 4I-J show a partial handoff.
[0066] FIG. 4F shows MSC 106, BTSs 120 and 132
and the upstream processes/logic 300. Each of the base
stations 120 and 132-includes-selectors and final trans-
mission stages. Within the upstream processes/logic
300, the detector 400 communicates directly to the router
422. The router, in turn, communicates directly with the
parsing units 402A-B associated with BTSs 132 and 120,
respectively. Single-base spatial processing of subscrib-
er datastream(s) 176 is shown. The subscriber datast-
ream(s) 176 is received by the detector 400. The detector
determines that the mode of the datastream(s) is spatial
and that information is passed to the router 422. The
router routes the datastream(s) 176 to the appropriate
parsing unit 402A. The parsing module 404A of that unit
parses the datastream(s) into substreams, e.g. sub-
streams 450-452. Those substreams are passed to
stretcher 408A which is coupled to selector 312A. The
selector places both the stretched substreams 454-456
on the appropriate channel of the selected MA protocol.
Those substreams are transmitted by the final transmit
stage 316A of the BTS 132. The signals 178_S and 180
are transmitted to subscriber unit 150, along with the con-
trol information necessary for that subscriber unit to prop-
erly process the incoming communication.
[0067] FIG. 4G shows a multi-base implementation of
the configuration described and discussed above in con-
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nection with FIG. 4F. The detector 400 determines that
the datastream(s) 454-456 require spatial processing.
Additionally, multi-base transmission is determined to be
necessary based, for example, on a subscriber unit signal
or on the BER detected by a BTS. The router 422, re-
sponsive to that determination, routes the datastream to
parsing units 402A-B. Each of the parsing modules 404A-
B is presented information, not only that the datastream
(s) needs to be parsed, but also which substreams are
to be discarded at each parsing unit in order to implement
a multi-base spatial transmission. In an embodiment of
the invention, those in control instructions are generated
by the MSC 106. The parsing module 404A generates
substream 452. The parsing module 404B generates
substream 450. Collectively, substreams 450-452 con-
tain all the information from the original datastream(s)
176 from which they were parsed. The selected sub-
streams are passed to the corresponding stretching mod-
ules 408A-B. These stretching modules in turn pass the
substreams with a reduced bit rate or in bursts as sub-
streams 456-454 to the corresponding selectors 312A-
B of the associated BTSs 132 and 120. The substreams
are placed on the same channels of the multiple access
protocol implemented by each BTS. These substreams
are transmitted by the corresponding final transmissions
stages 316A-B. Signal 180 corresponding to substream
456 is transmitted by at least an antenna on BTS 132 to
subscriber unit 150. Signal 178_M corresponding to sub-
stream 454 is transmitted by at least an antenna of BTS
120 to subscriber unit 150. The inclusion of both single-
base and multi-base spatial transmission capabilities in
the system allows consistent QoS to be delivered to the
subscribers.
[0068] FIG. 4H shows an implementation of the current
invention in which the detector 400 includes the capability
of distinguishing the mode of the datastream(s), e.g. tra-
ditional mode and spatial mode. The detector 400, upon
determining that datastream(s) 182 can be processed in
traditional mode, passes that information to the router
422. The router passes the datastream(s) 182 to the ap-
propriate parsing unit 402. The parser unit 402A and spe-
cifically parser module 404A thereof avoids parsing the
datastream(s) and passes it to the corresponding selec-
tor 312A associated with BTS 132. In the manner de-
scribed and discussed above, the channel and antenna
on which that datastream(s) is to be transmitted from
BTS 132 is determined by the processes/logic 104, e.g.
at the MSC. The associated signal 182 is passed from
the BTS to the subscriber unit 144.
[0069] FIG. 4I shows the introduction of multiple sub-
scriber datastream(s), i.e. datastream(s) 176 and 182
into the embodiment described and discussed above in
connection with FIGS. 4F-H. The detector 400 deter-
mines that datastream(s) 182 may be processed in the
traditional mode while datastream(s) 176 may be proc-
essed in the spatial mode. In this example, both the da-
tastream(s) are routed by router 422 to a single BTS for,
respectively, non-spatial and spatial transmission.

Stretched datastream(s) 454-456 derived from sub-
streams 450-452 of datastream(s) 176 are presented to
the selector associated with BTS 132. Signals 178_S and
180 are transmitted to subscriber unit 150 on the same
channel of the MA protocol implemented by the BTS.
Traditional mode datastream(s) may be transmitted on
the same or another channel.
[0070] FIG. 4J shows a multi-base spatial transmission
of the datastream(s) 176 discussed above in connection
with FIG. 4I. A change from single to multi-base trans-
mission is initiated by the processes/logic 104_ in re-
sponse to, for example, a degradation in the bit error rate
or to signals from subscriber unit 150 which indicate that
a change in spatial configuration is required. This might
include changing the antenna selection on the array of a
single BTS. The selection might involve a reduction/in-
crease in the number of transmitting antennas. Alternate-
ly, in the example shown, a partial handoff is implement-
ed. To implement the partial handoff, router 422 routes
the datastream(s) 176 to both parsing units 402A-B. Con-
trol information, indicating which of the substreams gen-
erated by the respective parsing unit is to be passed on
to the associated BTS, may also be generated. Respon-
sive to that information, the parsing modules 404A-B
each generate only one of the substreams which can be
generated from the datastream(s) 176. Each selected
substream is stretched by the corresponding stretcher
and passed to the corresponding BTS. BTS 132 contin-
ues to transmit the traditional mode datastream(s) 182
and the signal corresponding thereto to subscriber unit
144. BTS 132 transmits one of the stretched substreams
456 in the form of signal 180 to subscriber unit 150. The
other of the substreams 454 is passed to the subscriber
unit 150 as signal 178_M from the BTS 120.
[0071] As will be obvious to those skilled in the art, the
above-mentioned arrangements of detector, router and
parsing units represent only some of the possible con-
figurations of these modules/logic which may be utilized
to implement the current invention. In an embodiment of
the invention, the wireless network may not support both
traditional and spatial transmission together. In that em-
bodiment, the detector may not be required, since all da-
tastream(s) will be handled by spatially transmitting them.
In still another embodiment of the invention, multi-base
operation may not be implemented, allowing only for sin-
gle-base SM. In still another embodiment of the invention,
the routing may be accomplished by a single BTS which
uses in/out of band channels to wirelessly relay one or
more substreams to other BTSs for retransmissions on
the assigned channel.
[0072] FIGS. 5A-B show the upstream modules asso-
ciated with the processing of datastream(s) and sub-
streams received by the BTSs. That information may be
destined for another subscriber unit or for the network
100 (see FIG. 1A).
[0073] FIG. 5A shows the base stations 120,132, the
upstream processes/logic 300 and the MSC 106. In the
example shown, single-base SM is implemented. The
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subscriber unit 150 is shown transmitting signals 178_S
and 180. These are received by BTS 132 and processed
by the associated modules of its configurable SM receiv-
er 330 (see FIG. 3). From the decoder 340A, substreams
454-456 are passed to the upstream processes/logic
300. The upstream module includes a router 420 and a
combiner 500. The combiner 500 operates in reverse of
the manner described and discussed above in connec-
tion with the parsing unit 402. The router 420 passes the
substreams 454-456 to the combiner 500. The output of
the combiner is the subscriber datastream(s) 176.
[0074] FIG. 5B shows the modules discussed above
in connection with FIG. 5A during the reception of multi-
base spatial transmissions from the subscriber unit 150
as well as the single-base transmission from subscriber
unit 144. BTS 132 and the associated receiver module
330, have their spatial processor configured to generate
a single one of the substreams 456 that can be derived
from the composite signals 178_M and 180 of subscriber
unit 150. The other substream 454 is generated by cor-
responding modules associated with BTS 120. Addition-
ally, on the same/different channel, BTS 132 with the
receiver 330 is configured to generate a single datast-
ream(s) 182 from the composite signal 182 transmitted
by the subscriber unit 144. The datastream(s) 182 of the
associated decoder of that BTS, i.e. decoder 340A is
passed to the router 420. The combiner is configured to
combine substreams 454-456 into datastream 176 and
to pass datastream(s) 182 along without combining.
[0075] Thus, in an embodiment of the invention, the
method and apparatus of the current invention may be
used to implement SM MA both on the down/up link. As
will be obvious to those skilled in the art, SM may be
asymmetrically implemented as well, on either the
down/up link selectively, without departing from the
scope of this invention.
[0076] FIG. 6 shows an antenna array of BTS trans-
mitter 132 and the antenna array of the subscriber unit
receiver 138 (see FIG. 3). The antenna array of the final
transmissions stage 316 includes antennas 134T -136T.
The antenna array of the first receiver stage 382 includes
antennas 140R-142R. The first receiver stage passes
the composite signals 640-642 to the space/space-time
processor 386. The output of the processor is presented
to the decoder 388 from which, as output, the substreams
454-456 are generated.
[0077] As will be obvious to those skilled in the art, the
transmission of data through a wireless medium may in-
volve modulation of an information signal derived from a
datastream(s) or substream on a carrier signal. Informa-
tion may, for example, be contained in the phase and/or
amplitude relationship of the signal modulating the car-
rier. Each specific phase and/or amplitude relationship
that is utilized is referred to as a "symbol". The set of all
symbols is referred to as the "constellation". The greater
the number of symbols in a constellation, the more binary
bits of information may be encoded in each symbol in a
given constellation. Current communication protocols al-

low for constellations with over 1024 symbols, each en-
coding for one of ten bit combinations. Antenna 134T is
shown transmitting a symbol 600 within a signal constel-
lation. This corresponds to an associated group of the
bits corresponding to the data from a portion of substream
454. Antenna 136T is shown transmitting symbol 606
which corresponds to a different bit sequence derived
directly from substream 456. The transmission of sub-
stream 454 by antenna 134 results in at least two signals
602-604. The transmission of the symbol 606 by antenna
136 generates at least two signals 608-610. Additional
signals are likely in a multi-path environment with numer-
ous scattering objects, such as buildings, etc. For the
sake of simplicity, signals 602 and 610 transmitted from
respectively antennas 134T-136T are both received by
antenna 140R as a single composite signal. The corre-
sponding signals 604 and 608 are received by antenna
142R as a single composite signal. In order for the spatial
receiver of the subscriber unit to resolve the composite
signals into the estimated subscriber datastream/sub-
streams, the spatial processor 386 must include informa-
tion about the spatial signatures 620-622 of the trans-
missions from each of the antennas 134-136. These spa-
tial signatures may be determined using either blind and
or non-blind training methods in the manner described
and discussed above. By placing the decoder 388 down-
stream from the space/space-time processor 386, the
appropriate symbols may then be derived from the sub-
stream and converted into a corresponding binary se-
quence from which the corresponding portions of the sub-
streams 454-456 may be generated.
[0078] As will be obvious to those skilled in the art, any
of a number of other modulation techniques may be used
to implement the current invention including: continuous
phase modulation (CPM), continuous frequency modu-
lation (CFM), phase shift keying (PSK), offset phase shift
keying, amplitude shift keying (ASK), pulse position mod-
ulation (PPM), pulse width modulation (PWM), etc., with-
out departing from the scope of this invention.
[0079] FIGS. 7A-B show an embodiment of the inven-
tion in which the spatial processor 386 is configured for
both traditional and spatial mode signal reception. Addi-
tionally, in the spatial mode, the spatial processor is con-
figurable to generate a variable number of substreams
to correspond to the number transmitted. Spatial proc-
essor 386 and the decoder 388 are shown. The spatial
processor 386 includes: first fabric switch 700, first con-
figurable logic 702, second fabric switch 730, second
configurable logic 732, an evaluator 740, and a controller
746.
[0080] The spatial processor 386 is coupled via the
receive processes 384 to the receiver first stage 380 of
the subscriber unit, as discussed above in connection
with FIG. 3. Similar design applies to the spatial proces-
sor 338 in the BTS (see FIG. 3). The composite signal
(s) detected by the first stage receiver is passed to the
fabric switch 700 of the spatial processor. Responsive to
signals generated by the control unit 746, the first fabric
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switch passes the composite signal/signals to one or
more of the sub-modules within first logic unit 702. In the
embodiment shown, a sub-module includes a multiplier
704 and a weight register 712. The multiplier generates
an output signal which is a product of the weight stored
in weight register 712 multiplied by the incoming com-
posite signal. The weights in this register and the register
of other sub-modules may be derived using non-blind or
blind training methods as discussed above: In the exam-
ple shown in FIG. 7A, a composite signal 750 is presented
to fabric switch 700. This switch has been configured
utilizing in/out of band control signals to process a single
composite signal. The output of the multiplier is present-
ed to the second fabric switch 730. This fabric switch also
is configurable by means of the control unit 746. The
fabric switch 730 presents the signals from the first logic
module in variable configurations to one or more of the
summers, e.g. summer 734 which is part of the second
configurable logic in this embodiment of the invention.
Because a single composite signal is being processed
in the embodiment shown in FIG. 7A, only one summer
is utilized. The input to that summer is the output of the
multiplier 704 and the zero input provided by the control
unit 746. The output of the summer 734 is passed to the
evaluator 740 (optional). The evaluator determines when
signals that are spatially transmitted are not separable,
and if separable, the quality of each link. The quality of
each link may be evaluated using, for example, Signal
to Interference Noise Ratio (SINR). The resultant tradi-
tional mode datastream(s) 182 is passed through the de-
coder. In the decoder the conversion from symbols to
associated bit sequences is implemented. As shown
above in FIG. 3, the output of the decoder is passed to
an associated combiner. The configuration of the config-
urable spatial processor under the control of control unit
746 takes place as a result of in/out of band control sig-
nals. These signals may be generated during call setup
or during an actual call session by SM_MA processes/
logic 104.
[0081] In FIG. 7B, the configurable nature of the spatial
processor is evident by comparison to FIG. 7A. Compos-
ite signals 640-642 are presented to the first fabric switch
700. Responsive to signals from the control unit 746, the
first fabric switch generates output signals for each of the
composite input signals. Composite signal 640 is passed
to a first pair of logic sub-modules within the first logic
unit 702. Composite signal 642 is passed to a second
pair of logic sub-modules within the first logic unit 702.
The first pair of logic sub-modules include: multiplier 704
together with associated weight register 712, and multi-
plier 706 together with associated weight register 714.
The second pair of logic sub-modules include: multiplier
708 together with associated weight register 716, and
multiplier 710 together with associated weight register
718. Multipliers 704-706 receive as inputs the composite
signal 640. Multipliers 708-710 receive as inputs the com-
posite signal 642. The weight registers may contain
weights obtained during transmission of a training se-

quence which allow training sequences to be separated.
These are multiplied by the corresponding composite sig-
nal inputs and the four products are cross-coupled to
summers 734-736 of the second logic unit 732 by the
second fabric switch. The output of summers 734-736 is,
respectively, the estimated substreams 454-456. In the
embodiment shown, these are passed through an eval-
uator 740 to the decoder 388. Subsequently, the estimat-
ed substreams are combined into the original datastream
176 (not shown). The decoder 388 performs the above-
mentioned function of mapping the summer output into
symbols and from the symbols, into the appropriate bi-
nary sequences. In an alternate embodiment of the in-
vention, the evaluator may be placed downstream of the
decoder and perform a similar function at that location.
[0082] The evaluator monitors the estimated sub-
streams to determine if they are appropriately separated,
and if separable, the quality of the link(s). This determi-
nation might, for example, be made during the transmis-
sion of a training sequence. When the evaluator deter-
mines it is no longer possible to spatially separate the
corresponding substreams, that determination may be
passed to the upstream processes/logic 104, e.g. the
MSC 106 (see FIG. 1). This results in an alteration of the
spatial configuration of the transmission. A change in
spatial transmission may be implemented in any number
of ways. These include: a change in the antenna selection
and/or number at a single base, a change from traditional
to spatial mode broadcasting at a single base, a change
from single-base to multi-base transmission. Similarly,
when the evaluator determines that the substreams are
separable, it may pass on the link quality parameters to
the upstream processes/logic 104, e.g. the MSC 106.
This can help the BTS/MSC/CO side of the processes/
logic 104_ choose the modulation rate (bits per symbol)
of each substream, and carry out parsing accordingly.
[0083] FIGS. 7C-D show an embodiment of space-
time processor. To the capabilities of the above-dis-
cussed spatial processor is added the ability to remove
the interference in the composite signal caused by the
delayed versions of the composite signal over time. To
account for these perturbations, one or more delay ele-
ments may be introduced into the signal paths in the first
logic unit to account for these effects. An exploded view
of an embodiment of a time logic sub-module is shown
in FIG. 7D. In the embodiment shown, each time sub-
module is coupled to the output of a corresponding mul-
tiplier in the first logic unit. Time sub-modules 720-726
are coupled to the outputs of multipliers 704-710, respec-
tively. Each time module may consist of a plurality of de-
lay elements. In the exploded view, a sub-module in-
cludes delay modules 760-762; multipliers 770-772 to-
gether with associated weight registers 780-782, as well
as a summer 790. The output of multiplier 704 is an input
both to delay module 760 and summer 790. The output
of delay module 760 is an input both to delay module 762
and to multiplier 770. The output of delay module 762 is
an input to multiplier 772. The outputs of the multipliers
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provide additional inputs to the summer 790. The output
of the summer is presented to the second fabric switch
730. Each time module may include additional multipliers
with associative delay units and weight registers. As was
the case in FIGS. 7A-B, the space-time processor in
FIGS. 7C-D is configurable. FIG. 7C shows the processor
configured for a single input composite signal 750. FIG.
7D shows the space-time processor configured for two
composite input signals 640-642.
[0084] The spatial/space-time processor of FIGS. 7A-
D is configurable; e.g. capable of processing a variable
number of composite signals and outputting a corre-
sponding number of estimated subscriber substreams.
In another embodiment of the invention, the spatial/
space-time processor is not configurable; accepting in-
stead a fixed number of substreams and outputting a
corresponding fixed number of estimated subscriber sub-
streams.
[0085] As will be obvious to those skilled in the art, any
of a number of other processing techniques may be used
to implement the current invention, including: space-
time, space- frequency, space- code, etc. In turn, these
may further utilize any, or a combination of techniques
including, but not limited to: linear or non-linear process-
ing, Maximum Likelihood (ML) techniques, Iterative de-
coding/interference canceling, Multi-user detection
(MUD) techniques, etc., without departing from the scope
of this invention.
[0086] FIG. 8 shows a datastream interspersed with
the training sequences consistent with a non-blind em-
bodiment of the current invention. Training sequences
800-802 and data sequences 850-852 are shown. Suit-
able training sequences include orthogonal Walsh codes
transmitted by the spatially separate antennas. The spa-
tial/space-time processor of the receiver attempts to gen-
erate weights which separate the known Walsh code se-
quences. Those weights are then used in processing the
subsequent datastream(s)/substreams. In an embodi-
ment of the invention, the training sequences are inserted
into the datastream at frequency/duty cycle, which de-
pend on the mobility of the subscriber unit. In another
embodiment of the invention, the training sequences vary
in duration and are constant in frequency. The training
sequences may be transmitted in/out of band. As the
mobility of a subscriber increases, the frequency/duty cy-
cle of the training sequences may be increased. The mo-
bility of the subscriber unit can, as discussed above, be
detected by Doppler shift/spread detected by the mobility
detector 334 (see FIG. 3) on the receive side of the base
station, for example. When the subscriber unit is fixed,
training may only be performed at, or before, call setup
or at a relatively low frequency/duty cycle during a call/
data session. In still other embodiments of the invention,
no training sequences would be inserted into the datast-
ream(s)/substreams, instead relying on blind training
techniques discussed above.
[0087] FIGS. 9A-B to 12A-B show various access
methodologies utilized to provide multiple-access spatial

multiplexing in accordance with the current invention.
The figures labeled with "A" show the transmit portion of
each access method while the figures labeled with "B"
show the receive side. FIGS. 9A-B show SM time-division
multiple access (TDMA). FIGS. 10A-B show SM frequen-
cy-division multiple access (FDMA). FIGS. 11A-B show
SM code-division multiple access (CDMA). FIGS. 12 A-
B show SM space-division multiple access (SDMA). The
modules disclosed herein on the upstream side, as well
as the subscriber side, may be implemented in hardware/
software. They may be implemented on a single chip,
e.g. DSP or ASIC. The modules disclosed on the up-
stream side may be located in the BTS or further up-
stream, e.g. the MSC/CO. On the subscriber side the
modules may be implemented in a single unit.
[0088] FIG. 9A shows a slot selector 900, a transmit
processor module 314A (optional), and a final transmit
stage 316A. In the embodiment shown, these are part of
the above-discussed BTS 132 (see FIG. 1A). Each of
these modules is coupled to the control elements shown
in FIG. 3, i.e. training module 328, mobility detector 334,
memory 322, processor 324, and clock 326. These are
coupled via signal/control line 108 to the MSC 106. The
mobility detector is, in an embodiment of the invention
shown in FIG. 3, part of the receive side of the BTS. It is
shown in FIG. 9A for purposes of clarity, since it interacts
with the training module 328 and CPU 324 to detect and
generate training sequences responsive to the mobility
of the subscriber unit. Subscriber datastream 182 and
substreams 454-456 derived from subscriber datastream
176 (see FIGS. 4A-J) are shown as inputs to the slot
selector 900. In TDMA each subscriber session is allo-
cated a specific time segment in which to be transmitted.
Time segments are assigned in round-robin fashion. In
the traditional public switched telephone network
(PSTN), there are twenty-four time slots (a.k.a. chan-
nels/D0). The slot selector 900, under the direct/indirect
control of processes/logic 104 and implemented at, e.g.
the MSC 106, assigns the related substreams 454-456
to identical channels (TDMA slots) within the separate
TDMA datastream(s) 902-904, which are output by the
slot selector. The traditional mode datastream 182 is as-
signed to a separate channel/slot within TDMA datast-
ream 904.
[0089] Each of the TDMA datastream(s) 902-904 is, in
an embodiment of the invention, provided as an input to
an optional transmit processing module 314A. That mod-
ule may implement any one of a number of well known
prior art techniques for improving signal quality in a wire-
less network including: diversity, space coding, space-
time coding, space-frequency coding, beam forming, in-
terference canceling, etc.
[0090] The transmit processor 314A (optional) in-
cludes, in the embodiment shown, diversity processing,
space-time coding and beam-forming. Beam-forming ex-
ploits channel knowledge to direct transmissions to the
location of the corresponding subscriber. Diversity may
be implemented in: frequency, time, space, polarization,
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space/space-time, etc. The outputs of the optional trans-
mit processor 314A are provided as inputs to the final
transmit stage 316A. That stage includes encoder mod-
ulators 924-926, operating off a common carrier 914 for
processing each of the TDMA datastream(s) 902-904.
These modulated datastream(s) are passed to respec-
tive RF stages 934-936 and associated antennas 134T-
136T for spatially separate transmission of the individual
substreams that they contain, e.g. 454-456. Additional
antenna arrays 940-942, RF stages 930-932, encoder/
modulator stages 920-922 are used to implement any of
the optional transmit processes.
[0091] FIG. 9B shows the receive side of a subscriber
unit 150 enabled for spatial multiplexing utilizing TDMA
access. That unit includes: first receiver stage 382A, re-
ceive processor 384A (optional), spatial/space-time
processor 386, decoder 388, combiner 390, I/0 module
392, TDMA slot selector 978, processor 374, carrier re-
covery module 376, memory 372, and training module
378. The first receiver stage includes antennas 140R-
142R which are coupled via, respectively, RF stages
952-950 to demodulator/sampling modules 962-960.
The demodulator/sampling units operate off a common
carrier 970. An additional antenna array 946, RF stage
954, demodulator/sampling module 964, and carrier gen-
erator 972 are utilized by the receive processor 384A to
implement: diversity processing, space-time decoding,
beam-forming, etc.
[0092] In operation, the carrier recovery module 376
synchronizes the carriers 970-972 to the carrier frequen-
cy of the incoming composite signals 990-992. The TDM
slot selector 978 accepts a channel assignment from the
BTS(s) and synchronizes the receive processes accord-
ingly. The composite signals from each antenna are de-
modulated and sampled by the corresponding one of the
demodulator/sampling modules 964-960. The outputs of
these modules provide inputs to the receive processor
384A. The receive processor implements signal process-
ing techniques which may complement one or more of
the optional processes discussed above for the transmit
side (see FIG. 9A). Each composite signal output by the
receive processes/logic 384A provides inputs to the spa-
tial/space-time processor 386 (see FIGS. 7A-D). That
processor, using parameters/weights derived from the
above-discussed blind/non-blind training techniques,
separates the composite signals into the appropriate
number of estimated subscriber substreams, e.g.
996-998. In configurable embodiments of the spatial/
space-time processor, information received from the
BTS(s) at the start of, or during, a call session configures
the processor to generate a number of substreams that
correspond to the actual number of substreams trans-
mitted. Next, the estimated subscriber substreams are
provided as inputs to a similarly configured decoder 388.
The decoder maps symbols utilized during the transmis-
sion of the substreams/datastream(s) into their binary
equivalent. The decoder outputs the estimated subscrib-
er substreams 454-456 to the combiner 390. The com-

biner reverses the operation performed on the transmit
side by the parser, generating thereby an estimated sub-
scriber datastream 176. This datastream is provided to
the I/O module 392 for subsequent presentment to the
subscriber as for example, an audio signal, a video signal,
a data file, etc.
[0093] FIGS. 10A-B show a BTS implementing SM fre-
quency-division multiple access (FDMA). In FDMA, each
subscriber session, whether traditional or spatially proc-
essed, is provided with a single frequency slot within the
total bandwidth available for transmission. The BTS in-
cludes: a frequency slot selector 1000, a transmit proc-
essor module 314B (optional), and a final transmit stage
316B. In the embodiment shown, these are part of the
above-discussed BTS 132 (see FIG. 1A). Each of these
modules is coupled to the control elements shown in FIG.
3, i.e. training module 328, mobility detector 334, memory
322, processor 324, and clock 326. These are coupled
via signal/control line 108 to the MSC 106. Subscriber
datastream 182 and substreams 454-456 derived from
subscriber datastream 176 (see FIGS. 4A-J) are shown
as inputs to the frequency slot selector 900. The selector
1000, under the direct or indirect control of the MSC 106,
selects the appropriate frequency slot for the datastream
(s)/substreams. This is represented in FIG. 10A by a final
transmit stage which includes encoder/modulator clus-
ters (1020-1022), (1024-1026), and (1028-1030), each
of which modulates about a unique center frequency as
determined by respective associated carriers
1010-1014. Intermediate the frequency selector 1000
and the final transmit stage 316B, is an optional transmit
processing unit 314B which may impose on the datast-
ream(s)/substreams additional signal processing utiliz-
ing antenna arrays 1040-1042 in conjunction with anten-
nas 134T-136T, as discussed above in connection with
FIG. 9A.
[0094] Within the final transmit stage two spatially sep-
arate antennas 134T-136T are shown. These are cou-
pled via, respectively, RF stages 1034-1036 and sum-
mers (1002-1004),(1006-1008), to separate outputs of
each of three encoder/modulator clusters. Each encoder/
modulator cluster operates about a distinct center fre-
quency. Each cluster contains a number of encoder/mod-
ulator outputs at least equivalent to the number of spa-
tially separate antennas in the final transmit stage. Since
there are two antennas in the example shown, each clus-
ter contains at least encoding/modulating capability for
processing two distinct substreams and for outputting
each separately onto a corresponding one of the anten-
nas for spatially separate transmission. The traditional
mode datastream 182 is assigned to the first cluster with
a center frequency determined by carrier 1010. That da-
tastream is output via summer 1006 on antenna 136T.
Each of the substreams 454-456, parsed from a common
datastream 176 (see FIGS. 4A-J) is passed to a single
cluster for spatially separate transmission on a single
center frequency corresponding, in the example shown,
to the center frequency determined by carrier 1012. The
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modules disclosed herein may be implemented in the
BTS or further upstream, e.g. the mobile switching cent-
er. They may be implemented as hardware or software.
They may be implemented on a single chip, e.g. DSP or
ASIC.
[0095] FIG. 10B shows a subscriber unit 150 enabled
for spatial multiplexing utilizing FDMA access methodol-
ogy. That unit includes: first receiver stage 382B, receive
processor 384B (optional), spatial/space-time processor
386, decoder 388, combiner 390, I/O module 392, fre-
quency selector 1078, processor 374, carrier recovery
module 376, memory 372, and training module 378. The
first receiver stage includes antennas 140R-142R, which
are coupled via RF stages 1052-1050, respectively, to
demodulator/sampling modules 1062-1060. The demod-
ulator/sampling units operate off a common frequency
synthesizer 1070. Additional antenna array 1046, RF unit
1054, demodulator/sampling unit 1064, and frequency
synthesizer 1072 are shown. Optionally, these may be
utilized by receive processing unit 384B to implement
any of,the receive processes discussed above in con-
nection with FIG. 9B.
[0096] In operation, the carrier recovery module 376
synchronizes the carriers 1070-1072 to the carrier fre-
quency assigned by the BTS for the subscriber session,
i.e. the carrier frequency at which the composite signals
1090-1092 are transmitted. The composite signals from
each antenna are demodulated and sampled by the cor-
responding one of the demodulator/sampling modules
1064-1060. The outputs of these modules provide inputs
to the receive processor/logic 384B. The receive proc-
essor implements signal processing techniques which
may complement one or more of those discussed on the
transmit side (see FIG. 10A). Each composite signal out-
put by the receive processor/logic 384B provides inputs
to the spatial/space-time processor 386 (see FIGS. 7A-
D). That processor, using parameters/weights derived
using the above-discussed blind/non-blind training tech-
niques, separates the composite signals into the appro-
priate number of estimated subscriber substreams/da-
tastream(s), e.g. 1096-1098. In configurable embodi-
ments of the spatial/space-time processor, information
received from the base stations at the start of, or during
a call session, configures the processor to generate a
number of substreams/datastream(s) which correspond
to the actual number of substreams/datastream(s) trans-
mitted. Next, the estimated subscriber substreams/da-
tastream(s) are provided as inputs to a similarly config-
ured decoder 388. The decoder maps symbols utilized
during the transmission of the substreams/datastream(s)
into their binary equivalent. The decoder outputs the es-
timated subscriber substreams in their binary equivalent
454-456 to the combiner 390. The combiner reverses the
operation performed on the transmit side by the parser,
generating thereby an estimated subscriber datastream
176. This datastream is provided to the I/O module 392
for subsequent presentment to the subscriber as for ex-
ample, an audio signal, a video signal, a data file, etc.

As will be obvious to those skilled in the art, the subscriber
unit may be configured to receive more than one channel
concurrently.
[0097] FIGS. 11A-B show a BTS implementing SM
code-division multiple access (CDMA). In CDMA, each
subscriber session, whether traditional (unparsed) or
spatially processed (parsed), is provided with a distinct
code sequence. The datastream/substreams are modu-
lated (spread) onto the distinct code sequence/key code
(Kn), and the spread signal is, in turn, modulated onto a
common carrier. This has the effect of spreading each
session across the entire transmission bandwidth. The
BTS includes a key/code selector 1100, a transmit proc-
essor module 314C (optional), and a final transmit stage
316C. In the embodiment shown, these are part of the
above-discussed BTS 132 (see FIG. 1A). Each of these
modules is coupled to the control elements shown in FIG.
3, i.e. training module 328, mobility detector 334, memory
322, processor 324, and clock 326. These are coupled
via signal/control line 108 to the MSC 106. Shown here
for ease of explanation, the mobility detector, as dis-
cussed above, is actually implemented on the receive
side of the BTS and interacts with the training module
328 to inject training sequences into the SM_CDMA
transmissions.
[0098] Subscriber datastream 182 and substreams
454-456 derived from subscriber datastream 176 (see
FIGS. 4A-J) are shown as inputs to the key/code selector
1100. The selector 1100, under the direct or indirect con-
trol of the MSC 106, selects the appropriate key/code
sequence for the datastream(s)/substreams. This is rep-
resented in FIG. 11A by a final transmit stage which in-
cludes spreader and encoder/modulator clusters,
(1110-1111,1120-1121), (1112-1113,1122-1123), and
(1114-1115,1124-1125) each of which modulates over a
unique key code, respectively 1116-1118, and all of
which modulate on a common carrier 1126. Intermediate
the code/key selector 1100 and the final transmit stage
316C is the optional transmit processing unit 314C, which
may impose on the datastream(s)/substreams additional
signal processing, such as that described and discussed
above in connection with FIG. 9A.
[0099] Within the final transmit stage, two spatially sep-
arate antennas 134T-136T are shown, along with an op-
tional antenna array 1140-1142 associated with transmit
processing. These are coupled via, respectively, RF
stages 1134-1136 and summers (1102-1104),
(1106-1108) to separate outputs of each of three spread-
er encoder/modulator clusters. Each spreader encoder/
modulator cluster operates about a distinct key code.
Each cluster contains a number of encoder/modulator
outputs at least equivalent to the number of spatially sep-
arate antennas in the final transmit stage. Since there
are two antennas in the example shown, each cluster
contains at least encoding/modulating capability for
processing two distinct substreams and for outputting
each separately onto a corresponding one of the anten-
nas for spatially separate transmission. The traditional
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mode datastream 182 is assigned to the second cluster
with the key code 1117. That datastream is output via
summer 1104 on antenna 134T. Each of the substreams
454-456, parsed from a common datastream 176 (see
FIGS. 4A-J), is passed to a single cluster for spatially
separate transmission with a single key code 1116.
[0100] FIG. 11B shows a subscriber unit 150 enabled
for spatial multiplexing utilizing CDMA access method-
ology. That unit includes: first receiver stage 382C, re-
ceive processor 384C (optional), spatial/space-time
processor 386, decoder 388, combiner 390, I/O module
392, key/code selector 1182, processor 374, carrier re-
covery module 376, memory 372, and training module
378. The first receiver stage includes antennas 140R-
142R, which are coupled via, respectively, RF stages
1152-1150 to demodulator/sampling modules
1168-1166. Demodulator/sampling modules 1168-1166
operate off a carrier 1172. The output of these is passed
to de-spreaders 1162-1160, respectively, which operate
off of key code 1176, assigned by the key/code selector
1182 on the basis of control information passed between
subscriber unit and base station. Carrier recovery and
synchronization may be handled by carrier recovery
module 376, operating in conjunction with carrier gener-
ator 1172. Additionally, first receiver stage 382C includes
optional antenna array 1146, RF stage 1154, demodu-
lator/sampling unit 1170, carrier generator 1174, de-
spreader 1164, and key/code generator 1178. These
may be utilized in conjunction with the optional receive
processor 384C in the manner discussed above in FIGS.
9B and 10B.
[0101] In operation, the carrier recovery module 376
synchronizes the carriers 1172-1174 to the carrier as-
signed by the BTS for the subscriber session, i.e. the
carrier at which the composite signals 1190-1192 were
transmitted. The composite signals from each antenna
are then demodulated and sampled by the corresponding
one of the demodulator/sampling modules 1168-1166.
Respectively, the outputs of these modules provide in-
puts to de-spreaders 1162-1160, where they are de-
spread using the key code 1176 assigned for the session.
The outputs of the de-spreaders provide inputs to the
optional receive processor 384C. The receive processor
may implement signal processing techniques which com-
plement one or more of those discussed on the transmit
side (see FIG. 11A). Each composite signal output by
the receive processes/logic 384C provides inputs to the
spatial/space-time processor 386 (see FIGS. 7A-D). That
processor, using parameters/weights derived using the
above-discussed blind/non-blind training techniques,
separates the composite signals into the appropriate
number of estimated subscriber substreams/datastream
(s), e.g. 1196-1198. In configurable embodiments of the
spatial/space-time processor, information received from
the base stations at the start of, or during, a call session
configures the processor to generate a number of sub-
streams/datastream(s) which correspond to the actual
number of substreams/datastream(s) transmitted. Next,

the estimated subscriber substreams/datastream(s) are
provided as inputs to a similarly configured decoder 388.
The decoder maps symbols utilized during the transmis-
sion of the substreams/datastream(s) into their binary
equivalent. The decoder outputs the estimated subscrib-
er substreams 454-456 in their binary equivalent to the
combiner 390. The combiner reverses the operation per-
formed on the transmit side by the parser, generating
thereby an estimated subscriber datastream 176. This
datastream is provided to the I/O module 392 for subse-
quent presentment to the subscriber as, for example, an
audio signal, a video signal, a data file, etc. As will be
obvious to those skilled in the art, the subscriber unit may
be configured to receive more than one channel concur-
rently.
[0102] FIGS. 12A-B show a BTS implementing space-
division multiple access (SDMA). In SDMA, each sub-
scriber session, whether traditional (unparsed) or spa-
tially processed (parsed), is transmitted as a shaped
beam; a high gain portion of which is electronically di-
rected using beam forming toward a known subscriber,
at a known location, within a cell. This has the effect of
allowing channel re-use within a single cell by beam form-
ing each subscriber session to a separate segment of a
cell.
[0103] The BTS includes a beam steering selector
1200, a transmit processor module 314D (optional), and
a final transmit stage 316D. In the embodiment shown,
these are a part of the above-discussed BTS 132 (see
FIG. 1A). Each of these modules is coupled to the control
elements shown in FIG. 3, i.e. training module 328, mo-
bility detector 334, memory 322, processor 324, and
clock 326. These are coupled via signal/control line 108
to the MSC 106. Subscriber datastream 182 and sub-
streams 454-456, derived from subscriber datastream
176 (See FIGS. 4A-J), are shown as inputs to the beam
steering selector 1200. The selector 1200, under the di-
rect/indirect control of the MSC 106, selects the appro-
priate direction in which beam steering is to be carried
out for each subscriber session and its associated da-
tastream/substreams. Intermediate the beam steering
selector 1200 and the final transmit stage 316D is the
optional transmit processing unit 314D, which may im-
pose on the datastream(s)/substreams additional signal
processing, such as that described and discussed above
in connection with FIG. 9A, with the exception of beam
forming.
[0104] Within the final transmit stage, two pairs of spa-
tially separate antennas 134TA/B-136TA/B are shown.
Additionally, antenna array 1240 associated with trans-
mit processes 314D is shown. The two pairs of antennas
are coupled via, respectively, RF stages
1234,1230,1236,1232 to beam steering module 1202.
The beam steering module accepts as inputs the sepa-
rately encoded and modulated outputs from encoder
modulators 1220-1226, each of which operated on a
common carrier 1210, and each of which handles a dif-
ferent substream/datastream. The steering of datast-
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ream 182 to subscriber 144 (see FIG. 1B), and of sub-
streams 454-456 to subscriber 150, is accomplished by
beam steering unit 1202. That unit, operating with a
known location/channel for each subscriber, steers the
output beams from the antennas so that they interfere in
a manner which maximizes the gain appropriately. At the
location of subscriber 144, beam steering results in the
composite signal corresponding to datastream 182
reaching a relative maximum, while the gain of the com-
posite signals corresponding to the substreams 454-456
at that location is minimized. Beam steering also accom-
plishes the opposite effect at the location of subscriber
unit 150.
[0105] FIG. 12B shows a subscriber unit 150 enabled
for spatial multiplexing utilizing SDMA access methodol-
ogy. That unit includes: first receiver stage 382D, receive
processor 384D (optional), spatial/space-time processor
386, decoder 388, combiner 390, I/0 module 392, proc-
essor 374, carrier recovery module 376, memory 372,
and training module 378. The first receiver stage includes
antennas 140R-142R, which are respectively coupled via
RF stages 1252-1250 to demodulator/sampling modules
1262-1260. Demodulator/sampling modules 1262-1260
operate off of a common carrier 1270. Carrier recovery
and synchronization may be handled by carrier recovery
module 376 operating in conjunction with carrier gener-
ator 1270. Additionally, the first receiver stage may also
include: an antenna array 1246, coupled via RF stage
1254 to a demodulator/sampler 1264, and associated
carrier module 1272. These operate under the control of
receive processes 384D to implement any of the receive
processes discussed above in connection with FIG. 9B,
10B and 11B.
[0106] In operation, the carrier recovery module 376
synchronizes the carriers 1270-1272 to the carrier at
which beam forming is conducted by the BTS(s). The
composite signals from each antenna are then demod-
ulated and sampled by the corresponding one of the de-
modulator/sampling modules 1268-1266. The outputs of
these modules provide inputs to the receive processor
384D. Each composite signal output by the receive proc-
esses/logic 384B provides inputs to the spatial/space-
time processor 386 (see FIGS. 7A-D). That processor,
using parameters/weights derived using the above-dis-
cussed blind/non-blind training techniques, separates
the composite signals into the appropriate number of es-
timated subscriber substreams/datastream(s), e.g.
1296-1298. In configurable embodiments of the spatial/
space-time processor, information received from the
base stations at the start of, or during, a call session
configures the processor to generate a number of sub-
streams/datastream(s) that correspond to the actual
number of substreams/datastream(s) transmitted. Next,
the estimated subscriber substreams/datastream(s) are
provided as inputs to a similarly configured decoder 388.
The decoder maps symbols utilized during the transmis-
sion of the substreams/datastream(s) into their binary
equivalent. The decoder outputs the estimated subscrib-

er substreams in their binary equivalent 454-456 to the
combiner 390. The combiner reverses the operation per-
formed on the transmit side by the parser, generating
thereby an estimated subscriber datastream 176. This
datastream is provided to the I/O module 392 for subse-
quent presentment to the subscriber as, for example, an
audio signal, a video signal, a data file, etc. As will be
obvious to those skilled in the art, the subscriber unit may
be configured to receive more than one channel concur-
rently.
[0107] Although FIGS. 9-12 show four distinct multiple
access methods, it will be obvious to those skilled in the
art that each of these may be combined with one or more
of the others without departing from the scope of this
invention, as well as with such multiple access methods
as: orthogonal frequency division multiple access (OFD-
MA), wavelength division multiple access (WDMA),
wavelet division multiple access, or any other orthogonal
division multiple access/quasi-orthogonal division multi-
ple access (ODMA) techniques.
[0108] FIGS. 13A-B show the process flow for transmit
and receive processing/logic 104_ associated with an
embodiment of the current invention. These processes/
logic may be carried out across multiple datastreams,
either in parallel, serially, or both. Processing begins at
process block 1300 in which the next datastream is de-
tected. Control then passes to decision process 1302. In
decision process 1302 a determination is made as to the
mode of the datastream. As discussed above, the mode
determination may distinguish traditional/spatial, quality
of service, bit rate, etc. as well as various combinations
thereof. If a determination is made that the mode is tra-
ditional, control passes to process 1304. In process 1304
a routing determination is made for the datastream. The
routing decision may involve the MSC directing the da-
tastream to an appropriate one of the base stations for
transmission. Control then passes to process 1306. In
process 1306, the datastream is placed on the appropri-
ate channel within the access protocol implemented on
the wireless network. Channel assignment may also be
made by the MSC. Control then passes to process 1308
in which the subscriber datastream is transmitted. Next,
in decision process 1310, a determination is made as to
whether any handoff from one BTS to another is appro-
priate. If this determination is in the affirmative, control
returns to process 1304 for re-routing of the datastream.
Alternately, if a negative determination is made in proc-
ess 1310 that the subscriber is fixed, or still within the
cell associated with the transmitting BTS, then control
returns to process 1300 for the processing of the next
datastream.
[0109] If, alternately, in decision process 1302 the
mode of the next datastream is determined to be spatial,
control passes to process 1320. In process 1320 the da-
tastream is split into a configurable number of sub-
streams. Control is then passed to process 1322. In proc-
ess 1322 the individual substreams are routed and to
one or more base stations for transmission to the sub-
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scriber. Control then passes to process 1324. In process
1324, under the direct or indirect control the MSC (see
FIG. 1A), the access channel on which to transmit the
substreams is selected. That information is communicat-
ed to the BTS(s) which are involved in the transmission
of the substreams. Control then passes to decision proc-
ess 1326. In decision process 1326 a determination is
made as to whether the intended subscriber is mobile or
fixed. If a negative determination is reached, i.e. that the
subscriber is fixed, control passes to process 1328. In
process 1328, a training sequence either at set-up or
during a call session is generated provided non-blind
training protocols are being utilized. The receipt of these
training sequences by the subscriber unit allows that unit
to derive appropriate weight parameters in the first logic
unit of the spatial/space-time processor for separating
the composite signals into individual estimated sub-
streams (see FIGS. 7A-D). Alternately, if in decision proc-
ess 1326 an affirmative determination is reached, i.e. that
the subscriber is mobile, then control is passed to process
1330. In process 1330, the frequency or duration of the
training sequences inserted into the datastream is in-
creased appropriately. This allows the subscriber unit to
continually re-train its spatial/space-time parameters to
account for possible changes in the spatial environment
brought about by its motion. Control is then passed to
process 1332. In process 1332 a determination is made
as to the number of substreams that are to be transmitted.
The subscriber unit is then signaled as to the number of
substreams for which it should configure its spatial/
space-time processor and other modules. Control is then
passed to process 1334. In process 1334 the selected
BTS(s) transmit the selected substreams to the corre-
sponding subscriber unit. Control is then passed to de-
cision process 1336.
[0110] In decision process 1336, a decision is made
as to whether signal separation at the subscriber unit is
adequate. As discussed above, this determination may,
for example, be based on feedback from the subscriber
unit by monitoring the received signal stream from the
subscriber unit, or by monitoring bit error rate (BER) at
the transmitting BTS(s). Numerous other methods will be
evident to those skilled in the art for making this deter-
mination. If this decision is in the negative, i.e. that the
subscriber unit is unable to separate the substreams,
control returns to process 1320. The process 1320 may
now parse the data stream into lesser number of sub-
streams than before, or may do parsing as before, then
pass the control to process 1322 for re-routing of the
datastream’s substreams. Re-routing might, for exam-
ple, include a change of spatial configuration on a single
BTS, or a changeover from single-base to multi-base
transmission, as discussed above in connection with
FIGS. 4A-J. Alternately, if in decision process 1336 an
affirmative determination is reached that the subscriber
unit is able to separate the substreams, control passes
to decision process 1338. In decision process 1338 a
determination is made as to whether a handoff is re-

quired. This may result in a partial or full handoff. If that
determination is in the negative, e.g. the subscriber unit
is fixed, or still within the cell and is capable of separating
the substreams, then control returns to process 1300 for
the interception of the next datastream. Alternately, if that
decision is in the affirmative, control returns to process
1320. The process 1320 parses the datastreams as be-
fore, and passes the control to process 1322 for re-rout-
ing of the substreams to one or more base stations.
[0111] FIG. 13B shows the receive processes/logic of
a subscriber unit associated with an embodiment of the
invention. Processing begins at process 1350, in which
the next datastream in his detected. Control is then
passed to decision process 1352. In decision process
1352, a control signal from the BTS is received indicating
the mode of the transmitted signal, e.g. traditional/spatial,
and in the latter case, the number of substreams to be
generated from the composite signals received. If the
composite signals are to be treated as carrying a tradi-
tional datastream, control is passed to process 1354. In
process 1354 the appropriate channel on which to re-
ceive the composite signal is assigned. Channel assign-
ment may occur: during call setup, during a change in
spatial configuration, or during a change from single-
base to multi-base transmission, for example. Control is
then passed to process 1356. In process 1356 the com-
posite signals are received and appropriately processed
by the associated modules of the subscriber unit (see
FIG. 3). Control is then passed to decision process 1358.
In decision process 1358, any training sequences and
update of signal processing parameters that may be re-
quired are performed. Control is then passed to decision
process 1360 for a determination as to whether signal
quality and/or strength is adequate. If an affirmative de-
termination is reached, e.g. that quality and/or strength
is adequate, then control returns to process 1350 for the
processing of the next datastream. Alternately, if a neg-
ative determination is reached, then control is passed to
process 1362. In process 1362 signaling of the BTS(s)
that signal strength or quality is not acceptable is accom-
plished. In an embodiment of the invention, the subscrib-
er unit signals the BTS that signal strength is no longer
suitable for reception, or that signal separation, in the
case of spatial transmissions, is no longer adequate.
Control then returns to process 1350 for the processing
of the next datastream.
[0112] If, alternately, in decision process 1352 the con-
trol signal from the BTS indicates that the mode of the
incoming composite signals is spatial, control is passed
to process 1370. In process 1370, control information
received by the subscriber unit indicates the number of
substreams for which the spatial processor, and other
modules of the receive portion of the subscriber unit, are
to be configured. Control is then passed to process 1372.
In process 1372 access parameters, e.g. channel, for the
transmission from the BTS(s) to the subscriber unit are
passed to the subscriber unit. Control then passes to
process 1374. In process 1374 the composite signals are
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received and processed into corresponding estimated
subscriber substreams. Control then passes to decision
process 1376. In decision process 1376 a determination
is made as to whether any training sequence is present
in the datastream. This embodiment of the invention
therefore implements non-blind training. Other embodi-
ments of the invention implementing blind training meth-
ods need not implement this particular act. If, in decision
process 1376 a negative determination is reached, i.e.
that no training sequences are present, control returns
to process 1350. Alternately, if in decision process 1376
an affirmative determination is reached, i.e. that a training
sequence is present, then control is passed to process
1378. In process 1378, evaluation of the training se-
quence is performed and new weights registered within
the spatial/space-time processor for separating the train-
ing sequences. Control is then passed to decision proc-
ess 1380 for evaluation of the training sequences, then
passed to decision process 1382 for a determination of
whether the training sequences can be separated ade-
quately. If an affirmative decision is reached, then control
returns to decision process 1350. Alternately, if the sep-
aration is not adequate, then control passes to process
1384. In process 1384, a control signal is sent to the BTS
indicating that a change in spatial configuration is re-
quired. The BTS(s) might respond by changing spatial
configuration from single to multi-base, by changing the
number or spatial configuration of the antennas utilized
at a single base, by changing a channel, etc. Control then
returns to process 1350 for processing of the next da-
tastream.
[0113] The foregoing description of a preferred em-
bodiment of the invention has been presented for pur-
poses of illustration and description. It is not intended to
be exhaustive or to limit the invention to the precise forms
disclosed. Obviously many modifications and variations
will be apparent to practitioners skilled in this art. It is
intended that the scope of the invention be defined by
the following claims and their equivalents.
[0114] It should also be apparent that the described
subscriber units may be used in a wide variety of other
applications without departing from the scope of the
present invention. One such application contemplates
the use of the described subscriber units in network ac-
cess units that are used provision extend or otherwise
supplement the range of existing high speed telephone
or cable networks. By way of example, a hybrid DSL/
wireless link is diagrammatically illustrated in Fig. 14. As
is well known in the telecommunications art, in conven-
tional high speed xDSL networks, high speed communi-
cations are made between a head end DSL modem (typ-
ically located at a central office (CO) or optical network
unit (ONU)) and a remote DSL modem located on a cus-
tomer’s premises. The link between the central and re-
mote modems is made on ordinary twisted pair wires.
Thus xDSL system have the strong advantage of allowing
high speed communications using existing wiring infra-
structure. However, twisted pair wiring has significant sig-

nal attenuation and therefore, it is typically difficult or im-
possible to provide DSL service to customers who are
located too far (e.g. more than 2 or 3 miles) from the
central office/ONU. Further, even among customers
within the coverage area, the loading coils and the bridge
taps which are used around the binders of twisted pair
wires that connect the modems, as well as other potential
obstacles may make DSL technology difficult to imple-
ment in many circumstances.
[0115] In the embodiment illustrated in Figure 14, the
range and/or accessibility of the DSL network is extended
by placing a head end DSL modem 1430 in proximity to
the remote DSL modem 1425. A suitable xDSL protocol
(such as ADSL, VDSL, etc.) and modulation technique
(such as DMT, DWMT, CAPs, etc.) is used to communi-
cate between the remote DSL modem 1425 located at
the customer premises and the head end DSL modem
1430 located at an appropriate location that is within
range of the customer premises. By way of example, the
head end DSL modem 1430 may be located at the ter-
minal server 1410 on a nearby telephone pole 1432 from
which the twisted pair drop 1435 originates that serves
the customer premises. The head end DSL modem 1430
then provides the raw input data stream to the network
access unit (subscriber unit) 1440 that communicates
with appropriate BTSs 1445 as described above. Of
course, in embodiments where a plurality of different re-
mote DSL modems within the same neighborhood are
being serviced, the head end DSL modem may multiplex
the data streams from the various xDSL connections.
[0116] It is noted that the location of the described net-
work access units may be widely varied based on the
needs of a particular system. One advantage to placing
the network access units at the terminal servers is that
it provides a readily accessible location where installation
is relatively easy. Also, terminal servers are often located
on a telephone pole as illustrated in Figure 14. This may
be advantageous in that top telephone poles are rela-
tively higher as compared to many other potential de-
ployment locations, which may provide a clearer path
between the network access unit 1440 and the BTS trans-
ceiver. This, of course may result in increased data
speeds. It should be appreciated that the described ar-
rangements can bring DSL service to a wide variety of
locations using the POTS (plain old telephone service)
infrastructure.
[0117] Referring next to Fig. 15 another embodiment
of the present invention is illustrated. In this embodiment,
the network access unit 1440 is connected to a plurality
of cable modems 1460 via an appropriate cable 1470.
Any suitable cable including hybrid fiber co-axial (HFC)
cables, co-axial cables or fiber cables may be used as
cable 1470. Like the previously described hybrid DSL
link, the illustrated hybrid cable link provides the possi-
bility of expanding the range of high speed data commu-
nications using existing infrastructure.
[0118] As suggested above, the described subscriber
unit can be used as a node in virtually any network to
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facilitate communications between that network and oth-
er devices and/or networks. For example, with the grow-
ing popularity of home networks, a subscriber unit can
be used as a node in a home network. Alternatively, a
subscriber can be used in office networks and/or any
other type of local area, wide area, or other networks.
[0119] Another networking concept that has attracted
some attention lately is vehicle based networking. For
example, people have contemplated wiring carriers such
as buses, airplanes, ships and other vehicles with net-
works that provide multiple nodes within the vehicle for
use by passengers. The described spatial multiplexing
based subscriber units which take advantage of a wire-
less link are particularly well adapted to providing high
speed access for any vehicle based network.
[0120] Referring next to Fig. 16, yet another deploy-
ment possibility for the subscriber units will be described.
In the embodiment illustrated in Fig. 16, the subscriber
unit 1601 is utilized as a wireless interface for a repeater
BTS 1610 in a cellular network. Various parties have pro-
posed and implemented the concept of using repeater
BTSs in cellular networks. Generally, a repeater BTS
1610 is designed to extend the coverage area of a master
BTS 1620 and/or cover dead spots in the master BTS’s
coverage area. The repeater BTS simply repeats the sig-
nals being transmitted by the master BTS. The link be-
tween the master BTS and the repeater link can be either
a wireless link or a wired link. Given the high data rates
that are possible using the spatial multiplexing based
subscriber units, it should be apparent that the described
subscriber units are particularly well suited for use in re-
peater BTSs.
[0121] Although a few specific deployments have been
described, it should be appreciated that, within the scope
of the appended claims, the described spatial multiplex-
ing based subscriber units may be deployed in a wide
variety of other situations as well.

Claims

1. A wireless cellular network for transmitting subscrib-
er datastreams (170, 176, 182) to corresponding
ones among a plurality of subscriber units (138, 144,
150, 156, 162) located within the cellular network,
and said wireless cellular network comprising:

base stations (120, 126, 132, 186) each includ-
ing spatially separate transmitters (122, 124,
128, 130, 134, 136) for transmitting in response
to control signals, selected substreams (172,
174, 178, 180, 454, 456) of each subscriber da-
tastream (170,176,182) on an assigned channel
of a multiple access protocol; and character-
ised in that the wireless cellular network further
comprises:

logic (104) for communicating with each of

the base stations (120,126, 132,186) and
assigning an available channel on which to
transmit each subscriber datastream (170,
176, 182), for routing at least a substream
(172, 174, 178, 180, 454, 456) of each da-
tastream to at least a selected one of the
base stations (120, 126, 132, 186) and for
generating control signals to configure the
at least a selected one of the base stations
(120, 126, 132, 186) to transmit the selected
substreams (172, 174, 178, 180, 454, 456)
to a corresponding one among the plurality
of subscriber units (138, 144, 150, 156, 162)
on the assigned channel,

2. The wireless cellular network of Claim 1 wherein the
logic (104) is arranged for changing a spatial trans-
mission configuration from a first transmitting base
station to at least the first base station together with
a second transmitting base station responsive to a
determination that a change of a spatial reception
configuration is required in order to resolve the se-
lected substreams (172, 174, 178, 180, 454, 456) at
the corresponding one among the plurality of sub-
scriber units (138, 144, 150, 156, 162).

3. The wireless cellular network of either of claims 1
and 2 wherein the logic (104) is arranged for chang-
ing the spatial transmission configuration from a first
transmitting base station to at least a second base
station together with a third base station responsive
to a determination that a change of a spatial recep-
tion configuration is required in order to resolve the
selected substreams (138, 144, 150, 156, 162) at
the corresponding one among the plurality of sub-
scriber units (138, 144, 150, 156, 162).

4. The wireless cellular network of any of the preceding
claims wherein the logic (104) further comprises a
parser (404) for parsing each datastream (170, 176,
182) into substreams (172, 174, 178, 180, 454, 45b).

5. The wireless cellular network of Claim 4, wherein:
the parser (404) is arranged to parse each datast-
ream (170,176, 182) into a variable number of sub-
streams (172, 174, 178, 180, 454, 456) or to avoid
parsing of each datastream in response to a mode
signal; and
the parser (404) is responsive to a modulation rate
of each substream (172, 174, 178, 180, 454, 456).

6. The wireless cellular network of Claim 4, wherein the
logic (104) further comprises a router (420, 422) for
routing the substreams (172,174,178,180,454, 456)
to at least a selected one of the base stations (120,
126, 132, 186) and each of the base stations (120,
126, 132, 186) further comprises a selector respon-
sive to the control signals generated by the logic to
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inject a routed one of the substreams onto the chan-
nel assigned by the logic.

7. The wireless cellular network of Claim 6, wherein
each of the base stations (120, 126,132, 186) further
comprises a selector (312, 1000, 1100, 1200) re-
sponsive to the control signals generated by the logic
(104) to inject routed ones of the substreams (172,
174, 178, 180, 454, 456) onto both the channel as-
signed by the logic (104) as well as onto selected
ones of the spatially separate transmitters (122, 124,
128, 130, 134, 136).

8. The wireless cellular network of any of the preceding
claims 1 to 3 wherein the logic (104) further compris-
es:

a detector (400) arranged to detect modes of
the subscriber datastreams (170, 176, 182) from
a first network and to generate a mode signal
corresponding to the mode of each of the sub-
scriber datastreams (170, 176, 182);
a parser (404) arranged to parse the datastream
(170, 176, 182) into a variable number of sub-
streams (172, 174, 178, 180, 454, 456) or to
avoid parsing of the datastream (170, 176, 182)
in response to the mode signal; and
a router (422) for routing both an unparsed da-
tastream as well as a variable number of sub-
streams (172, 174, 178, 180, 454, 456) to at least
a selected one of the base stations.

9. The wireless cellular network of Claim 8, wherein the
modes of the datastreams (170, 176, 182) include
voice mode and data mode and wherein the parser
(404) is further arranged to avoid parsing of the da-
tastream (170, 176, 182) in response to a voice mode
signal, and to parse the datastream (170, 176, 182)
into a variable number of substreams (172, 174, 178,
180, 454, 456) in response to a data mode signal.

10. The wireless cellular network of Claim 8, wherein the
modes of the datastreams (170, 176, 182) include
high bit rate and low bit rate and wherein the parser
(404) is further arranged to avoid parsing of a low bit
rate datastream, and to parse a high bit rate datast-
ream into a variable number of substreams (172,
174, 178, 180, 454, 456).

11. The wireless cellular network of Claim 8, wherein the
modes of the datastreams (170, 176, 182) include
low Quality of Service QoS requirement and high
QoS requirement and wherein the parser is further
arranged to avoid parsing a datastream with a low
QoS requirement, and to parse a datastream with a
high QoS requirement into a variable number of sub-
streams.

12. The wireless cellular network of any of Claims 8-11,
wherein each of the base stations (120, 126, 132,
186) further comprises:

a selector (312, 1000, 1100, 1200) responsive
to the control signals generated by the logic
(104) to inject routed ones of the substreams
(172,174,178,180, 454, 456) as well as the un-
parsed datastream onto both the channel as-
signed by the logic (104) as well as a selected
one of the spatially separate transmitters (122,
124, 128, 130, 134, 136).

13. The wireless cellular network of any of the preceding
claims wherein each of the base stations (120, 126,
132, 186) further comprises a training module (328,
378) for injecting a training sequence into the trans-
missions of the spatially separate transmitters (122,
124, 128, 130, 136).

14. The wireless cellular network of any of the preceding
claims, wherein each of the base stations (120, 126,
132, 186) further comprises:

spatially separate receivers (134R, 136R, 140R,
142R) for receiving composite signals resulting
from the spatially separate transmission of spa-
tially separate source signals corresponding to
selected substreams (172, 174, 178, 180, 454,
456) of an uplink subscriber datastream from
selected ones of the subscriber units, on an as-
signed channel of the multiple access protocol;
a spatial processor (386, 338) configurable in
response to the control signal to separate the
composite signals into estimated source signals
based on information obtained during the trans-
mission of known data patterns from the select-
ed ones of the subscriber units (13 8, 144, 150,
162); and
a combiner (390, 500) for combining the esti-
mated source signals into a corresponding up-
link subscriber datastream.

15. The wireless cellular network of Claim 14, wherein
the spatial processor (338, 386) further comprises:

a configurable logic responsive to the control
signal to vary both a number of the composite
signals separated as well as the number of the
estimated source signals.

16. The wireless cellular network of any of the preceding
claims, wherein each of the base stations (120, 126,
132, 186) further comprise:

mobility detectors (334) for determining a mo-
bility of each of the subscriber units (138, 144,
150, 156, 162) and generating a mobility signal;
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and
a training module (328) responsive to the mo-
bility signal for varying at least one of an injection
interval and duration of a training sequence into
the transmissions of the spatially separable
transmitters.

17. The wireless cellular network of any of the preceding
claims, wherein each of the base stations (120, 126,
132, 186) is arranged to use a transmit process se-
lected from at least one of a group of transmit proc-
esses consisting of : diversity, space coding, space
time coding and beam forming.

18. A wireless cellular network according to any one of
the preceding claims, wherein the wireless cellular
network is further for transmitting subscriber down-
link datastreams from a first network (100) to sub-
scribers located within the wireless cellular network,
and said wireless cellular network further compris-
ing:

subscriber units (138, 144, 150, 156, 162) each
configured for spatially separate reception on
the assigned channel of the selected sub-
streams and for combining the substreams into
the corresponding subscriber datastream (170,
176, 182); and wherein
said logic (104) is arranged communicate with
each of the base stations and to the first network
(100) and configured to route at least a sub-
stream (172, 174, 178, 180, 454, 456) of each
subscriber downlink datastream (170, 176, 182)
to at least a selected one of the base stations
(120,126, 132, 186) and further configured to
vary the routing between a single base station
and multiple base stations to vary a spatial trans-
mission configuration of the selected sub-
streams.

19. A wireless cellular network according to any one of
the preceding claims, wherein the wireless cellular
network is further for receiving subscriber datast-
reams (170, 176, 182) at corresponding ones among
the base stations and said wireless cellular network
comprising;

a plurality of subscriber units (138, 144, 150,
156, 162) each including spatially separate
transmitters (140, 142) for transmitting, in re-
sponse to control signals, selected substreams
of each subscriber datastream on an assigned
channel of a multiple, access protocol; and
wherein
the logic (104) is further for generating control
signals to configure selected ones of the base
stations (120, 126, 132, 186) to receive compos-
ite signals resulting from the spatially separate

transmission of the selected substreams (172,
174, 178, 180,454,456) from a corresponding
one among the plurality of subscriber units (138,
144, 150, 156,162) on the assigned channel, for
converting the composite signals into estimate
substreams and for combining the estimated
substreams of each subscriber datastream into
each subscriber datastream (170, 176, 182).

20. The wireless cellular network of claim 19, wherein
the logic is further for changing the spatial reception
configuration from a first receiving base station to at
least the first base station together with a second
base station responsive to a determination that a
change of a spatial reception configuration is re-
quired in order to resolve the composite signals into
estimated substreams.

21. The wireless cellular network of claim 18 or 19,
wherein the logic is further for changing the spatial
reception configuration from a first receiving base
station to at least the fust base station together with
a second base station responsive to a determination
that a change of a spatial reception configuration is
required in order to resolve the composite signals
into estimated substreams.

22. A wireless cellular network as recited in any of the
preceding claims, wherein the multiple access pro-
tocol is selected from at least one of a group of mul-
tiple access protocols consisting of: code-division
multiple access, frequency-division multiple access,
time-division multiple access, space-division multi-
ple access, orthogonal frequency division multiple
access OFDMA, wavelength division multiple ac-
cess WDMA, wavelet division multiple access, or-
thogonal division multiple access ODMA and quasi-
orthogonal division multiple access ODMA tech-
niques.

23. A wireless cellular network as recited in any of the
preceding claims, wherein the assigned channel
comprises, within a transmission bandwidth, at least
one of:

a frequency-division, a time-division, a spatial-
division, a code-division, orthogonal frequency
division multiple access OFDMA, wavelength di-
vision multiple access WDMA, wavelet division
multiple access or any other orthogonal division
multiple access and quasi-orthogonal division
multiple access ODMA techniques.

24. The wireless cellular network of any of the preceding
claims wherein the base stations receive the plurality
of subscriber downlink datastreams from at least one
of a group of networks consisting of : a public
switched telephone network, a local area network, a
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wide area network, a satellite network, an adhoc net-
work, a virtual private network, an intranet and an
internet.

25. The wireless cellular network of any of the preceding
claims, wherein the base stations include satellites
(112).

26. The wireless cellular network as recited in any of the
preceding claims wherein the subscriber unit is in-
corporated into a bridge or router to provide a wire-
less bridge or router.

Patentansprüche

1. Drahtloses zelluläres Netz zur Übertragung von Teil-
nehmer-Datenströmen (170, 176, 182) zu entspre-
chenden unter mehreren Teilnehmereinheiten (138,
144, 150, 156, 162), welche innerhalb des zellulären
Netzes angeordnet sind, und wobei das drahtlose
zelluläre Netz umfasst:

Basisstationen (120, 126, 132, 186), welche je-
weils räumlich getrennte Sender (122, 124, 128,
130, 134, 136) zur Übertragung von ausgewähl-
ten Teilströmen (172, 174, 178, 180, 454, 456)
von jedem Teilnehmer-Datenstrom (170, 176,
182) auf einem zugewiesenen Kanal eines Viel-
fachzugriffprotokolls in Abhängigkeit von Steu-
ersignalen aufweisen; und dadurch gekenn-
zeichnet ist, dass das drahtlose zelluläre Netz
darüber hinaus umfasst:

eine Logik (104), um mit jeder der Basissta-
tionen (120, 126, 132, 186) zu kommunizie-
ren und einen verfügbaren Kanal zuzuwei-
sen, auf welchem jeder Teilnehmer-Daten-
strom (170, 176, 182) zu übertragen ist, um
zumindest einen Teilstrom (172, 174, 178,
180, 454, 456) von jedem Datenstrom zu
mindestens einer ausgewählten der Basis-
stationen (120, 126, 132, 186) zu routen und
um Steuersignale zu erzeugen, um die min-
destens eine ausgewählte der Basisstatio-
nen (120, 126, 132, 186) derart zu konfigu-
rieren, dass sie die ausgewählten Teilströ-
me (172, 174, 178, 180, 454, 456) zu einer
entsprechenden unter den mehreren Teil-
nehmereinheiten (138, 144, 150, 156, 162)
auf dem zugewiesenen Kanal überträgt.

2. Drahtloses zelluläres Netz nach Anspruch 1, wobei
die Logik (104) ausgestaltet ist, um eine Raum-Über-
tragungskonfiguration von einer ersten sendenden
Basisstation zu mindestens der ersten Basisstation
zusammen mit einer zweiten sendenden Basisstati-
on abhängig von einer Festlegung zu ändern, dass

eine Änderung einer Raum-Empfangskonfiguration
erforderlich ist, um die ausgewählten Teilströme
(172, 174, 178, 180, 454, 456) bei der entsprechen-
den einen unter den mehreren Teilnehmereinheiten
(138, 144, 150, 156, 162) zu trennen.

3. Drahtloses zelluläres Netz nach Anspruch 1 oder 2,
wobei die Logik (104) ausgestaltet ist, um die Raum-
Übertragungskonfiguration von einer ersten sen-
denden Basisstation zu mindestens einer zweiten
Basisstation zusammen mit einer dritten Basisstati-
on abhängig von einer Festlegung zu ändern, dass
eine Änderung einer Raum-Empfangskonfiguration
erforderlich ist, um die ausgewählten Teilströme
(172, 174, 178, 180, 454, 456) bei der entsprechen-
den einen unter den mehreren Teilnehmereinheiten
(138, 144, 150, 156, 162) zu trennen.

4. Drahtloses zelluläres Netz nach einem der vorher-
gehenden Ansprüche, wobei die Logik (104) darüber
hinaus einen Parser (404) umfasst, um jeden Daten-
strom (170, 176, 182) in Teilströme (172, 174, 178,
180, 454, 456) aufzuteilen.

5. Drahtloses zelluläres Netz nach Anspruch 4, wobei
der Parser (404) derart ausgestaltet ist, dass er ab-
hängig von einem Betriebsignal jeden Datenstrom
(170, 176, 182) in eine variable Anzahl von Teilströ-
men (172, 174, 178, 180, 454, 456) unterteilt oder
eine Unterteilung jedes Datenstrom vermeidet; und
wobei der Parser (404) auf eine Modulationsrate je-
des Teilstroms (172, 174, 178, 180, 454, 456) rea-
giert.

6. Drahtloses zelluläres Netz nach Anspruch 4, wobei
die Logik (104) darüber hinaus einen Router (420,
422) umfasst, um die Teilströme (172, 174, 178, 180,
454, 456) zu mindestens einer ausgewählten der Ba-
sisstationen (120, 126, 132, 186) zu routen, und wo-
bei jede der Basisstationen (120, 126, 132, 186) dar-
über hinaus einen Selektor umfasst, welcher derart
auf die Steuersignale, welche durch die Logik gene-
riert sind, reagiert, dass er einen gerouteten der Teil-
ströme in den Kanal, welcher durch die Logik zuge-
wiesen ist, einkoppelt.

7. Drahtloses zelluläres Netz nach Anspruch 6, wobei
jede der Basisstationen (120, 126, 132, 186) darüber
hinaus einen Selektor (312, 1000, 1100, 1200) um-
fasst, welcher auf die Steuersignale, welche durch
die Logik (104) generiert sind, derart reagiert, dass
er einen gerouteten der Teilströme (172, 174, 178,
180, 454, 456) sowohl in den Kanal, welcher durch
die Logik (104) zugewiesen ist, einkoppelt als auch
einem ausgewählten der räumlich getrennten Sen-
der (122, 124, 128, 130, 134, 136) zuführt.

8. Drahtloses zelluläres Netz nach einem der Ansprü-
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che 1 bis 3, wobei die Logik (104) darüber hinaus
umfasst:

einen Detektor (400), welcher derart ausgestal-
tet ist, das er Betriebsarten der Teilnehmer-Da-
tenströme (170, 176, 182) von einem ersten
Netz erfasst und ein Betriebsartsignal entspre-
chend der Betriebsart jedes der Teilnehmer-Da-
tenströme (170, 176, 182) erzeugt;
einen Parser (404) welcher derart ausgestaltet
ist, das er abhängig von dem Betriebsartsignal
den Datenstrom (170, 176, 182) in eine variable
Anzahl von Teilströmen (172, 174, 178, 180,
454, 456) aufteilt oder eine Aufteilung des Da-
tenstroms (170, 176, 182) vermeidet; und
einen Router (422), um sowohl einen nicht auf-
geteilten Datenstrom wie auch eine variable An-
zahl von Teilströmen (172, 174, 178, 180, 454,
456) zu mindestens einer ausgewählten der Ba-
sisstationen zu routen.

9. Drahtloses zelluläres Netz nach Anspruch 8, wobei
die Betriebsarten der Datenströme (170, 176, 182)
eine Sprach-Betriebsart und eine Daten-Betriebsart
umfassen, und wobei der Parser (404) darüber hin-
aus derart ausgestaltet ist, dass er bei einem
Sprach-Betriebsartsignal eine Aufteilung des Daten-
stroms (170, 176, 182) vermeidet und dass er bei
einem Daten-Betriebsartsignal den Datenstrom
(170, 176, 182) in eine variable Anzahl von Teilströ-
men (172, 174, 178, 180, 454, 456) aufteilt.

10. Drahtloses zelluläres Netz nach Anspruch 8, wobei
die Betriebsarten der Datenströme (170, 176, 182)
eine hohe Bitrate und eine niedrige Bitrate umfassen
und wobei der Parser (404) darüber hinaus derart
ausgestaltet ist, dass er eine Aufteilung eines Da-
tenstroms mit einer niedrigen Bitrate vermeidet und
dass er einen Datenstrom mit einer hohen Bitrate in
eine variable Anzahl von Teilströmen (172, 174, 178,
180, 454, 456) aufteilt.

11. Drahtloses zelluläres Netz nach Anspruch 8, wobei
die Betriebsarten der Datenströme (170, 176, 182)
eine Anforderung nach einer niedrigen Dienstquali-
tät QoS und eine Anforderung nach einer hohen QoS
umfassen und wobei der Parser darüber hinaus der-
art ausgestaltet ist, dass er eine Aufteilung eines Da-
tenstroms mit einer Anforderung nach einer niedri-
gen QoS vermeidet und dass er einen Datenstrom
mit einer Anforderung nach einer hohen QoS in eine
variable Anzahl von Teilströmen aufteilt.

12. Drahtloses zelluläres Netz nach einem der Ansprü-
che 8-11, wobei jede der Basisstationen (120, 126,
132, 186) darüber hinaus umfasst:

einen Selektor (312, 1000, 1100, 1200), welcher

derart auf die Steuersignale, welche durch die
Logik (104) erzeugt sind, reagiert, dass er so-
wohl die gerouteten der Teilströme (172, 174,
178, 180, 454, 456) als auch den nicht aufge-
teilten Datenstrom sowohl in den Kanal, welcher
durch die Logik (104) zugewiesen ist, einkoppelt
als auch einem ausgewählten der räumlich ge-
trennten Sender (122, 124, 128, 130, 134, 136)
zuführt.

13. Drahtloses zelluläres Netz nach einem der vorher-
gehenden Ansprüche, wobei jede der Basisstatio-
nen (120, 126, 132, 186) darüber hinaus ein Trai-
ningsmodul (328, 378) umfasst, um eine Trainings-
sequenz in die Übertragungen der räumlich getrenn-
ten Sender (122, 124, 128, 130, 134, 136) einzukop-
peln.

14. Drahtloses zelluläres Netz nach einem der vorher-
gehenden Ansprüche, wobei jede der Basisstatio-
nen (120, 126, 132, 186) darüber hinaus umfasst:

räumlich getrennte Empfänger (134R, 136R,
140R, 142R), um zusammengesetzte Signale
zu empfangen, welche sich aus der räumlich ge-
trennten Übertragung von Signalen von räum-
lich getrennten Quellen ergeben, welche aus-
gewählten Teilströmen (172, 174, 178, 180,
454, 456) eines uplink Teilnehmer-Datenstroms
von ausgewählten der Teilnehmereinheiten auf
einem zugewiesenen Kanal des Vielfachzugriff-
protokolls entsprechen;
einen Spatial-Prozessor (386, 338), welcher
derart konfigurierbar ist, dass er abhängig von
dem Steuersignal die zusammengesetzten Si-
gnale in abgeschätzte Quellensignale basie-
rend auf einer Information trennt, welche wäh-
rend der Übertragung von bekannten Datenmu-
stern von den ausgewählten der Teilnehmerein-
heiten (138, 144, 150, 162) erhalten wird; und
einen Kombinator (390, 500), um die abge-
schätzten Quellensignale in einen entsprechen-
den uplink Teilnehmer-Datenstrom zusammen-
zufassen.

15. Drahtloses zelluläres Netz nach Anspruch 14, wobei
der Spatial-Prozessor (338, 386) darüber hinaus
umfasst:

eine konfigurierbare Logik, welche abhängig
von dem Steuersignal sowohl eine Anzahl der
zusammengesetzten Signale, welche getrennt
sind, als auch die Anzahl der abgeschätzten
Quellensignale ändert.

16. Drahtloses zelluläres Netz nach einem der vorher-
gehenden Ansprüche, wobei jede der Basisstatio-
nen (120, 126, 132, 186) darüber hinaus umfasst:
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Mobilitätsdetektoren (334), um eine Mobilität je-
des der Teilnehmereinheiten (138, 144, 150,
156, 162) zu bestimmen und ein Mobilitätssignal
zu erzeugen; und
ein Trainingsmodul (328), welches auf das Mo-
bilitätssignal reagiert, um ein Einkoppelintervall
und/oder eine Dauer einer Trainingssequenz in
den Übertragungen der räumlich getrennten
Sender zu ändern.

17. Drahtloses zelluläres Netz nach einem der vorher-
gehenden Ansprüche, wobei jede der Basisstatio-
nen (120, 126, 132, 186) derart ausgestaltet ist, dass
sie ein Sendeverfahren einsetzt, welches ausge-
wählt ist aus mindestens einem einer Gruppe von
Sendeverfahren bestehend aus: Diversity, Space-
Coding, Space-Time-Coding und Strahlformen.

18. Drahtloses zelluläres Netz nach einem der vorher-
gehenden Ansprüche, wobei das drahtlose zelluläre
Netz darüber hinaus downlink Teilnehmer-Daten-
ströme von einem ersten Netz (100) zu Teilnehmern
überträgt, welche innerhalb des drahtlosen zellulä-
ren Netzes angeordnet sind, und wobei das draht-
lose zelluläre Netz darüber hinaus umfasst:

Teilnehmereinheiten (138, 144, 150, 156, 162),
welche jeweils für einen räumlich getrennten
Empfang auf dem zugewiesenen Kanal der aus-
gewählten Teilströme und zum Zusammenfas-
sen der Teilströme in den entsprechenden Teil-
nehmer-Datenstrom (170, 176, 182) ausgestal-
tet sind; und wobei
die Logik (104) derart ausgestaltet ist, dass sie
mit jeder der Basisstationen und mit dem ersten
Netz (100) kommuniziert und derart ausgestal-
tet ist, dass sie mindestens einen Teilstrom
(172, 174, 178, 180, 454, 456) jedes downlink
Teilnehmer-Datenstroms (170, 176, 182) zu
mindestens einer ausgewählten der Basissta-
tionen (120, 126, 132, 186) routet und darüber
hinaus derart ausgestaltet ist, dass sie das Rou-
ten zwischen einer einzelnen Basisstation und
mehreren Basisstationen ändert, um eine
Raum-Übertragungskonfiguration der ausge-
wählten Teilströme zu ändern.

19. Drahtloses zelluläres Netz nach einem der vorher-
gehenden Ansprüche, wobei das drahtlose zelluläre
Netz darüber hinaus Teilnehmer-Datenströme (170,
176, 182) an entsprechenden unter den Basisstatio-
nen empfängt und wobei das drahtlose zelluläre
Netz umfasst:

mehrere Teilnehmereinheiten (138, 144, 150,
156, 162), welche jeweils räumlich getrennte
Sender (140, 142) aufweisen, um abhängig von
Steuersignalen ausgewählte Teilströme von je-

dem Teilnehmer-Datenstrom auf einem zuge-
wiesenen Kanal eines Vielfachzugriffprotokolls
zu übertragen; und wobei
die Logik (104) darüber hinaus Steuersignale er-
zeugt, um ausgewählte der Basisstationen (120,
126, 132, 186) derart zu konfigurieren, dass sie
zusammengesetzte Signale empfangen, wel-
che sich aus der räumlich getrennten Übertra-
gung der ausgewählten Teilströme (172, 174,
178, 180, 454, 456) von einer entsprechenden
unter den mehreren Teilnehmereinheiten (138,
144, 150, 156, 162) auf dem zugewiesenen Ka-
nal ergeben, die zusammengesetzten Signale
in abgeschätzte Teilströme wandelt und die ab-
geschätzten Teilströme von jedem Teilnehmer-
Datenstrom in einen jeweiligen Teilnehmer-Da-
tenstrom (170, 176, 182) zusammensetzt.

20. Drahtloses zelluläres Netz nach Anspruch 19, wobei
die Logik darüber hinaus die Raum-Empfangskonfi-
guration von einer ersten empfangenden Basissta-
tion zu mindestens der ersten Basisstation zusam-
men mit einer zweiten Basisstation abhängig von ei-
ner Festlegung ändert, dass eine Änderung einer
Raum-Empfangskonfiguration erforderlich ist, um
die zusammengesetzten Signale in abgeschätzte
Teilströme aufzuspalten.

21. Drahtloses zelluläres Netz nach Anspruch 18 oder
19, wobei die Logik darüber hinaus die Raum-Emp-
fangskonfiguration von einer ersten empfangenden
Basisstation zu mindestens der ersten Basisstation
zusammen mit einer zweiten Basisstation abhängig
von einer Festlegung ändert, dass eine Änderung
einer Raum-Empfangskonfiguration erforderlich ist,
um die zusammengesetzten Signale in abgeschätz-
te Teilströme aufzuspalten.

22. Drahtloses zelluläres Netz nach einem der vorher-
gehenden Ansprüche, wobei das Vielfachzugriffpro-
tokoll ausgewählt ist von mindestens einem einer
Gruppe von Vielfachzugriffprotokollen, welche be-
steht aus: einem Codemultiplex-Vielfachzugriff, ei-
nem Frequenzvielfachzugriff, einem Zeitvielfachzu-
griff, einem Raumvielfachzugriff, einem orthogona-
len Frequenzvielfachzugriff OFDMA, einem Wellen-
längenvielfachzugriff WDMA, einem Wavelet-Viel-
fachzugriff, einem orthogonalen Vielfachzugriff OD-
MA und quasi-orthogonalen Vielfachzugriffstechni-
ken ODMA-Techniken.

23. Drahtloses zelluläres Netz nach einem der vorher-
gehenden Ansprüche, wobei der zugewiesene Ka-
nal innerhalb einer Übertragungsbandbreite zumin-
dest eines von Folgenden umfasst: eine Frequenz-
aufteilung, eine Zeitaufteilung, eine Raumaufteilung,
eine Codeaufteilung, einen Frequenzvielfachzugriff
OFDMA, einen Wellenlängenvielfachzugriff WDMA,
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einen Wavelet-Vielfachzugriff oder irgendeinen an-
deren orthogonalen Vielfachzugriff und quasi ortho-
gonale Vielfachzugriffstechniken ODMA-Techni-
ken.

24. Drahtloses zelluläres Netz nach einem der vorher-
gehenden Ansprüche, wobei die Basisstationen die
mehreren downlink Teilnehmer-Datenströme von
mindestens einem von einer Gruppe von Netzen
empfangen, welche besteht aus: einem öffentlichen
Fernsprechwählnetz, einem lokalen Netz, einem
weiträumigen Netz, einem Satellitennetz, einem Ad-
Hoc-Netz, einem virtuellen privaten Netz, einem In-
tranet und einem Internet.

25. Drahtloses zelluläres Netz nach einem der vorher-
gehenden Ansprüche, wobei die Basisstationen Sa-
telliten (112) umfassen.

26. Drahtloses zelluläres Netz nach einem der vorher-
gehenden Ansprüche, wobei die Teilnehmereinheit
in eine Brückenschaltung oder in einen Router inte-
griert ist, um eine drahtlose Brückenschaltung oder
einen drahtlosen Router bereitzustellen.

Revendications

1. Réseau cellulaire sans fil pour transmettre des flux
de données d’abonné (170, 176, 182) à des unités
d’abonné correspondantes parmi une pluralité d’uni-
tés d’abonné (138, 144, 150, 156, 162) localisée
dans le réseau cellulaire, et ledit réseau cellulaire
sans fil comportant :

des stations de base (120, 126, 132, 186) com-
portant chacune des émetteurs spatialement
séparés (122, 124, 128, 130, 134, 136) pour
transmettre en réponse à des signaux de com-
mande, des sous-flux sélectionnés (172, 174,
178, 180, 454, 456) de chaque flux de données
d’abonné (170, 176, 182) sur un canal affecté
d’un protocole d’accès multiple, et caractérisé
en ce que le réseau cellulaire sans fil comporte
en outre :

une logique (104) pour communiquer avec
chacune des stations de base (120, 126,
132, 186) et pour affecter un canal disponi-
ble sur lequel transmettre chaque flux de
données d’abonné (170, 176, 182), pour
router au moins un sous-flux (172, 174, 178,
180, 454, 456) de chaque flux de données
vers au moins une station de base sélec-
tionnée parmi les stations de base (120,
126, 132, 186) et pour générer des signaux
de commande pour configurer ladite au
moins une station de base sélectionnée

parmi les stations de base (120, 126, 132,
186) pour transmettre les sous-flux sélec-
tionnés (172, 174, 178, 180, 454, 456) à une
unité d’abonné correspondante parmi la
pluralité d’unités d’abonné (138, 144, 150,
156, 162) sur le canal affecté.

2. Réseau cellulaire sans fil selon la revendication 1,
dans lequel la logique (104) est agencée pour mo-
difier une configuration de transmission spatiale
d’une première station de base de transmission à au
moins la première station de base ensemble avec
une deuxième station de base de transmission en
réponse à une détermination qu’une modification
d’une configuration de réception spatiale est requise
pour résoudre les sous-flux sélectionnés (172, 174,
178, 180, 454, 456) au niveau d’une unité d’abonné
correspondante parmi la pluralité d’unités d’abonné
(138, 144, 150, 156, 162).

3. Réseau cellulaire sans fil selon l’une quelconque des
revendications 1 ou 2, dans lequel la logique (104)
est agencée pour changer la configuration de trans-
mission spatiale d’une première station de base en
transmission à au moins une deuxième station de
base ensemble avec une troisième station de base
en réponse à une détermination qu’une modification
d’une configuration de réception spatiale est requise
pour résoudre les sous-flux sélectionnés (138, 144,
150, 156, 162) à l’unité d’abonné correspondante
parmi la pluralité d’unités d’abonné (138, 144, 150,
156, 162).

4. Réseau cellulaire sans fil selon l’une quelconque des
revendications précédentes dans lequel la logique
(104) comporte en outre un analyseur (404) pour
analyser chaque flux de données (170, 176, 182) en
des sous-flux (172, 174, 178, 180, 454, 456).

5. Réseau cellulaire sans fil selon la revendication 4,
dans lequel :

l’analyseur (404) est agencé pour analyser cha-
que flux de données (170, 176, 182) en un nom-
bre variable de sous-flux (172, 174, 178, 180,
454, 456) ou pour éviter d’analyser chaque flux
de données en réponse à un signal de mode ; et
l’analyseur (404) est sensible à un taux de mo-
dulation de chaque sous-flux (172, 174, 178,
180, 454, 456).

6. Réseau cellulaire sans fil selon la revendication 4,
dans lequel la logique (104) comporte en outre un
routeur (420, 422) pour router les sous-flux (172,
174, 178, 180, 454, 456) à au moins une station de
base sélectionnée parmi les stations de base (120,
126, 132, 186) et chacune des stations de base (120,
126, 132, 186) comporte en outre un sélecteur, en
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réponse aux signaux de commande générés par la
logique, pour introduire un sous flux routé des sous-
flux sur le canal affecté par la logique.

7. Réseau cellulaire sans fil selon la revendication 6,
dans lequel chacune des stations de base (120, 126,
132, 186) comporte en outre un sélecteur (312,
1000, 1100, 1200), en réponse aux signaux de com-
mande générés par la logique (104), pour introduire
des sous-flux routés parmi les sous-flux (172, 174,
178, 180, 454, 456) sur le canal affecté par la logique
(104) ainsi que sur des émetteurs sélectionnés parmi
les émetteurs séparés spatialement (122, 124, 128,
130, 134, 136).

8. Réseau cellulaire sans fil selon l’une quelconque des
revendications 1 à 3 dans lequel la logique (104)
comporte en outre :

un détecteur (400) agencé pour détecter des
modes des flux de données d’abonné (170, 176,
182) à partir d’un premier réseau et pour générer
un signal de mode correspondant au mode de
chacun des flux de données d’abonné (170, 176,
182) ;
un analyseur (404) agencé pour analyser le flux
de données (170, 176, 182) en un nombre va-
riable de sous-flux (172, 174, 178, 180, 454,
456) ou pour éviter d’analyser le flux de données
(170, 176, 182) en réponse au signal de mode ;
et
un routeur (422) pour router un flux de données
non analysé ainsi qu’un nombre variable de
sous-flux (172, 174, 178, 180, 454, 456) à au
moins une station de base sélectionnée parmi
les stations de base.

9. Réseau cellulaire sans fil selon la revendication 8,
dans lequel les modes des flux de données (170,
176, 182) incluent le mode vocal et le mode de don-
nées et dans lequel l’analyseur (404) est en outre
agencé pour éviter d’analyser le flux de données
(170, 176, 182 ) en réponse à un signal de mode
vocal, et pour analyser le flux de données (170, 176,
182) en un nombre variable de sous-flux (172, 174,
178, 180, 454, 456) en réponse à un signal de mode
de données.

10. Réseau cellulaire sans fil selon la revendication 8,
dans lequel les modes des flux de données (170,
176, 182) incluent un débit binaire élevé et un débit
binaire faible et dans lequel l’analyseur (404) est en
outre agencé pour éviter d’analyser une flux de don-
nées à débit binaire faible, et pour analyser un flux
de données à débit binaire élevé en un nombre va-
riable de sous-flux (172, 174, 178, 180, 454, 456).

11. Réseau cellulaire sans fil selon la revendication 8,

dans lequel les modes des flux de données (170,
176, 182) incluent une exigence de qualité de service
(QoS) faible et une exigence de qualité de service
(QoS) élevée et dans lequel l’analyseur est en outre
agencé pour éviter d’analyser un flux de données
avec une exigence de qualité de service (QoS) fai-
ble, et pour analyser un flux de données avec une
exigence de qualité de service (QoS) élevée en un
nombre variable de sous-flux.

12. Réseau cellulaire sans fil selon l’une quelconque des
revendications 8 à 11, dans lequel chacune des sta-
tions de base (120, 126, 132, 186) comporte en
outre :

un sélecteur (312, 1000, 1100, 1200), en répon-
se aux signaux de commande générés par la
logique (104), pour introduire des sous-flux rou-
tés parmi les sous-flux (172, 174, 178, 180, 454,
456) ainsi qu’un flux de données non analysé
sur le canal affecté à la logique (104) ainsi qu’un
émetteur sélectionné parmi les émetteurs sépa-
rés spatialement (122, 124, 128, 130, 134,136).

13. Réseau cellulaire sans fil selon l’une quelconque des
revendications précédentes dans lequel chacune
des stations de base (120, 126, 132, 186) comporte
en outre un module d’apprentissage (328, 378) pour
introduire une séquence d’apprentissage dans les
transmissions des émetteurs séparés spatialement
(122, 124, 128, 130, 136).

14. Réseau cellulaire sans fil selon l’une quelconque des
revendications précédentes, dans lequel chacune
des stations de base (120, 126, 132, 186) comporte
en outre :

des récepteurs séparés spatialement (134R,
136R, 140R, 142R) pour recevoir des signaux
composites résultant de la transmission sépa-
rée spatialement de signaux source séparés
spatialement correspondant à des sous-flux sé-
lectionnés (172, 174, 178, 180, 454, 456) d’un
flux de données d’abonné en liaison montante
d’unités d’abonnées sélectionnées parmi les
unités d’abonné, sur un canal affecté du proto-
cole d’accès multiple ;
un processeur spatial (386, 338) configurable
en réponse au signal de commande pour sépa-
rer les signaux composites en signaux source
estimés sur la base d’informations obtenues lors
de la transmission de motifs de données connus
à partir de unités d’abonné sélectionnées des
unités d’abonné (138, 144, 150, 162) ; et
un circuit mélangeur (390, 500) pour combiner
les signaux source estimés dans un flux de don-
nées d’abonné en liaison montante correspon-
dant.

57 58 



EP 1 198 963 B1

31

5

10

15

20

25

30

35

40

45

50

55

15. Réseau cellulaire sans fil selon la revendication 14,
dans lequel le processeur spatial (338, 386) com-
porte en outre :

une logique configurable en réponse aux si-
gnaux de commande pour modifier un nombre
de signaux composites séparés ainsi que le
nombre des signaux source estimés.

16. Réseau cellulaire sans fil selon l’une quelconque des
revendications précédentes, dans lequel chacune
des stations de base (120, 126, 132, 186) comporte
en outre :

des détecteurs de mobilité (334) pour détermi-
ner une mobilité de chacune des unités d’abon-
né (138, 144, 150, 156, 162) et pour générer un
signal de mobilité; et
un module d’apprentissage (328) en réponse au
signal de mobilité pour modifier au moins l’un
parmi : une durée et un intervalle d’introduction
d’une séquence d’apprentissage dans les trans-
missions des émetteurs séparables spatiale-
ment.

17. Réseau cellulaire sans fil selon l’une quelconque des
revendications précédentes, dans lequel chacune
des stations de base (120, 126, 132, 186) est agen-
cée pour utiliser un processus de transmission sé-
lectionné à partir d’au moins un d’un groupe de pro-
cessus de transmission comportant : diversité, co-
dage dans l’espace, codage espace - temps et for-
mation de faisceau.

18. Réseau cellulaire sans fil selon l’une quelconque des
revendications précédentes, dans lequel le réseau
cellulaire sans fil est en outre destiné à la transmis-
sion de flux de données d’abonné en liaison descen-
dante d’un premier réseau (100) à des abonnés lo-
calisés dans le réseau cellulaire sans fil, et ledit ré-
seau cellulaire sans fil comportant en outre :

des unités d’abonné (138, 144, 150, 156, 162)
chacune configurée pour une réception séparée
spatialement sur le canal affecté des sous-flux
sélectionnés et pour combiner les sous-flux
dans le flux de données d’abonné correspon-
dant (170, 176, 182) ; et dans lequel
ladite logique (104) est agencée pour commu-
niquer avec chacune des stations de base et
avec le premier réseau (100) et configurée pour
router au moins un sous-flux (172, 174, 178,
180, 454, 456) de chaque flux de données
d’abonné en liaison descendante (170, 176,
182) à au moins l’une sélectionnée des stations
de base (120, 126, 132, 186) et en outre confi-
gurée pour modifier le routage entre une station
de base unique et des stations de base multiples

pour modifier une configuration de transmission
spatiale des sous-flux sélectionnés.

19. Réseau cellulaire sans fil selon l’une quelconque des
revendications précédentes, dans lequel le réseau
cellulaire sans fil est en outre destiné à recevoir des
flux de données d’abonné (170, 176, 182) à des sta-
tions de base correspondantes parmi les stations de
base et ledit réseau cellulaire sans fil comportant :

une pluralité d’unités d’abonné (138, 144, 150,
156, 162) comportant chacune des émetteurs
séparés spatialement (140, 142) pour transmet-
tre, en réponse à des signaux de commande,
des sous-flux sélectionnés de chaque flux de
données d’abonné sur un canal affecté d’un pro-
tocole d’accès multiple, et dans lequel
la logique (104) est en outre destinée à générer
des signaux de commande pour configurer des
stations de base sélectionnées parmi les sta-
tions de base (120, 126, 132, 186) pour recevoir
des signaux composites résultant de la trans-
mission séparée spatialement des sous-flux sé-
lectionnés (172, 174, 178, 180, 454, 456) à partir
d’une unité d’abonné correspondante parmi la
pluralité d’unités d’abonné (138, 144, 150, 156,
162) sur le canal affecté, pour convertir les si-
gnaux composites en sous-flux estimés et pour
combiner les sous-flux estimés de chaque flux
de données d’abonné dans chaque flux de don-
nées d’abonné (170, 176, 182).

20. Réseau cellulaire sans fil selon la revendication 19,
dans laquelle la logique est en outre destinée à mo-
difier la configuration de réception spatiale d’une pre-
mière station de base de réception à au moins la
première station de base avec une deuxième station
de base en réponse à une détermination qu’une mo-
dification d’une configuration de réception spatiale
est requise pour résoudre les signaux composites
dans des sous-flux estimés.

21. Réseau cellulaire sans fil selon la revendication 18
ou 19, dans lequel la logique est en outre destinée
à modifier la configuration de réception spatiale
d’une première station de base de réception à au
moins la première station de base avec une deuxiè-
me station de base en réponse à une détermination
qu’une modification d’une configuration de réception
spatiale est requise pour résoudre les signaux com-
posites dans des sous-flux estimés.

22. Réseau cellulaire sans fil selon l’une quelconque des
revendications précédentes, dans lequel le protoco-
le d’accès multiple est sélectionné à partir d’au moins
l’un d’un groupe de protocoles d’accès multiple,
comportant : des techniques d’accès multiple par ré-
partition en code, d’accès multiple par répartition en
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fréquence, d’accès multiple par répartition dans le
temps, d’accès multiple par répartition dans l’espa-
ce, d’accès multiple par répartition orthogonale de
la fréquence OFDMA, d’accès multiple par réparti-
tion en longueur d’onde WDMA, d’accès multiple par
répartition en ondelette, d’accès multiple par répar-
tition orthogonale ODMA et d’accès multiple par ré-
partition quasi orthogonale ODMA.

23. Réseau cellulaire sans fil selon l’une quelconque des
revendications précédentes, dans lequel le canal af-
fecté comporte, au sein d’une largeur de bande de
transmission, au moins l’une parmi : une technique
de répartition en fréquence, de répartition dans le
temps, de répartition dans l’espace, de répartition
en code, d’accès multiple par répartition orthogonale
de la fréquence OFDMA, d’accès multiple par répar-
tition en longueur d’onde WDMA, d’accès multiple
par répartition en ondelette, et une quelconque autre
technique ODMA d’accès multiple par répartition or-
thogonale et d’accès multiple par répartition quasi
orthogonale.

24. Réseau cellulaire sans fil selon l’une quelconque des
revendications précédentes dans lequel les stations
de base reçoivent la pluralité de flux de données
d’abonné en liaison descendante à partir d’au moins
un d’un groupe de réseaux comportant : un réseau
téléphonique public commuté, un réseau local, un
réseau local étendu, un réseau satellitaire, un réseau
ad hoc, un réseau privé virtuel, un intranet et Internet.

25. Réseau cellulaire sans fil selon l’une quelconque des
revendications précédentes, dans lequel les stations
de base incluent des satellites (112).

26. Réseau cellulaire sans fil selon l’une quelconque des
revendications précédentes dans lequel l’unité
d’abonné est intégrée à un pont ou routeur pour four-
nir un pont ou routeur sans fil.
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